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PREFACE 


At Advanced Micro Devices we are committed to helping you solve design problems with innovative 
products that give you maximum flexibility to meet your particular needs. In the past, you often have had to 
choose between costly semi-custom products and standard devices that limit your design options. Now 
there's another choice. 


Programmable Array Logic (PAL) devices from AMD give you the best of two worlds: the architectural 
flexibility of custom design and immediate availability, multiple-sourcing, and low cost of standard products. 


PAL devices are user-programmable logic building blocks that give you the freedom to structure 
components for a specific application, often using a single PAL package to create functions that once would 
have required the use of hundreds of conventional TTL gates. 


This handbook is your guide to AMD's growing list of PAL devices. it is intended to be both an introduction 
to field programmable logic devices, as well as a resource manual for experienced designers. In the 
following pages you will find data and descriptions of new, proprietary devices from AMD, as well as 
information on standard products. Whether you need CMOS, ECL, or TTL, AMD offers solutions to your 
design probiems that give you a choice. 


Best of all, AMD offers you the industry's leading commitment to quality, reliability, innovation, and customer 
satisfaction. If you have a question about any of the products described in this book or simply want to know 
more about the use of programmable logic devices, call your local Advanced Micro Devices’ Sales Office. 


UJ 


W.J. Sanders Ill 
Chairman, and Chief Executive Officer 
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1.1 THE PROGRAMMABLE LOGIC DESIGN 
ALTERNATIVE 


1.2 AN INTRODUCTION TO PROGRAMMABLE LOGIC 
ARCHITECTURE 


1.3 HOW TO DESIGN WITH PROGRAMMABLE LOGIC 
DEVICES | 
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Today's logic designer can choose from a wide variety of 
circuit alternatives. One way to categorize these alternatives is 
by the extent to which they are customized for a specific 
application. The designer's options include general-purpose 
standard products, programmable logic, gate arrays, standard 
cells, and full custom integrated circuits (ICs) (Figure 1-1). 


Standard products are defined by the IC manufacturer for a 
wide market and cannot be altered by the user. Examples of 
standard products are TTL and CMOS SS!/MSI devices, fixed 
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1.1. THE PROGRAMMABLE LOGIC 
DESIGN ALTERNATIVE 
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instruction set MOS microprocessors, and microprogramma- 
ble building blocks. Custom logic, on the other hand, is defined 
by the user for a specific application. Programmable logic 
devices have attributes of both standard products and custom 
logic. The IC manufacturer defines an architecture that a user 
can program by programming (or blowing) appropriate fuses to 
fit the application. Programmable Array Logic (PAL) devices, 
Programmable Logic Arrays (PLAs) and small Programmable 
Read-Only Memories (PROMs) are examples of programma- 
ble logic. 
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Figure 1-1. Basic Categories of Digital Logic 


Each of these design alternatives offers distinct advantages 
and disadvantages in terms of cost, availability, and architec- 
tural flexibility. Many system designs today, such as the 
controller board in Figure 1-2, incorporate each of the design 


1-1 


approaches to some degree. The following analysis will help 
the system designer to select the best logic type for a 
particular function. 
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Figure 1-2. A System Design Using PAL Devices 


Photo courtesy of Data Systems Design, Inc. 


DEDICATED GENERAL-PURPOSE 
DEVICES — STANDARD PRODUCTS 


There are five. main advantages of standard products. They 


require little IC engineering expertise by the user, provide | 


lowest cost for an individual device, usually have the best 
application support, provide the maximum logic density per 
device and are available on Mershelt with no development 
lead time. 


Standard products require little C-level engineering effort by 
the user. The responsibility for design, test, and debugging is 
born by the IC manufacturer. Since the !C manufacturer is 
doing this on a large scale, the process is very efficient. 


Standard products are very cost-effective per logic function. 
They are high volume products, and this volume results in 
lower manufacturing cost and thus lower price per unit. The 


increased competition encouraged by alternate sourcing also | 


results in lower cost. 


The design support available for standard products is general- 
ly far greater than that for semicustom and custom devices. 
Application software (assembiers, simulators), hardware (emu- 
lators) and literature (manuals, books, application notes) make 
them easier to use. 


Since standard products reach a much larger market, the 
engineering effort necessary to provide this support can be 
spread over a large number of units, reducing the cost. When 
a custom logic device is used, this support must be developed 
by the engineer doing the design. 


Standard products are optimized for high-volume production. 
The density of logic functions is therefore generally much 
greater than on semicustom logic. A fixed instruction set 
microprocessor or microprogrammable building block duplicat- 
ed with gate arrays or programmable logic devices might take 
_ several packages compared to the single dedicated device. 


The last main advantage of standard products is their off-the- 
shelf availability. There is no development lead time in the use 


of these devices, so system design can proceed rapidly. By 


using standard products the system designer can introduce a 


system to the market more aulcnly and exploit the value of 
market leadership. 


The three potential disadvantages of standard products are 
potentially poor fit to specific applications, higher system cost, 
and the lack of competitive features and advantages. A 
standard product, by the very nature of its generality, is not 
ideal for anyone. It includes too much functionality for some 
applications and not. enough for others. The architecture is 
seldom ideal for a particular application. Standard products 


also offer a limited performance selection. IC manufacturers 


pick a specific performance level aiming at as large a market 
as possible. 


Due to the general-purpose nature of standard products, it is 
difficult to achieve the lowest package-count solution. Addi- 
tional components are required to tailor the function to fit a 
specific need. 


Even though individual devices may be lower in price, more of 
them must be used, raising the cost for the total system when 
considering the additional PC boards, festa, power supplies, 
fans, etc. 


Another disadvantage of standard products is the lack of 
competitive features and advantages. Anyone can buy them 
so it is difficult to differentiate one system supplier's hardware 
from another's. It is also very easy for a competitor to copy a 
design based on standard products. 


CUSTOM AND SEMICUSTOM LOGIC 
DEVICES 


The custom and semicustom iogic alternatives offer the 
systems designer important advantages over standard prod- 
ucts. Reduced package count, compared to SSI/MSI imple- 
mentations, is of paramount importance. Custom and semi- 
custom logic also provide the designer additional freedom in 
architecture. This freedom to develop innovative solutions to 
an application problem can add a sneer competitive 
advantage to a product. 


There are four main types of custom and semicustom logic 
today: fully custom logic, gate arrays, standard cell designs, 
and programmable logic. Fully.'‘handcrafted'' custom-IC logic 


designs give the user the benefits of low system IC count and 
potentially low variable manufacturing cost per device, but the 
cost to develop a custom IC can be very high. This alternative 
makes sense only when production volumes will be very high 
and the system design will be very stable. Semicustom 
approaches such as programmable logic, gate arrays, and 
standard cell designs reduce the IC development cost of the 
full custom solution by trading off the chip-layout efficiency. 


A gate-array design requires the customization of only a few 
interconnection layers in the semiconductor process. Stan- 
dard cell designs require completely custom fabrication, but 
the design and layout are simplified by the use of a standard 
building-block library. A gate array has lower engineering cost 
and faster development time than a standard cell-based 
device. Standard cell devices, on the other hand, allow more 
logic variety and more efficient utilization of silicon than a gate 
array. 


Gate arrays and the other custom/semicustom alternatives 
have four main disadvantages when compared to standard 
products. They are increased user engineering time and effort, 
higher cost per individual device, inferior high-level support 
tools, and lower density. 


Engineering effort for a gate array can significantly increase 
the cost of a system design. Not only must the system be 
designed, but the gate arrays themselves must be designed, 
debugged and put into production. Both design tasks, chip as 


well as system, take similar amounts of engineering resources, . 


possibly doubling the design effort and investment. Because 
of constraints on second-sourcing alternatives, semicustom 
logic devices can end up being substantially more expensive. 
Only if the complete system solution can be optimized will the 


total cost be reduced. Another factor to be considered is the 
chance of design problems with a gate array, standard cell, or 
fully custom device. If extra iterations are necessary — or 
even worse, a bug is discovered after a product has been 
released, correcting the problem can take several months or 
longer. These potential costs are difficult to estimate and have 
virtually no upper limit. 


The third disadvantage of custom and semicustom logic is the 
inadequacy of high-level support. Semiconductor manufactur- 
ers cannot provide significant support in the form of software, 
development systems, application notes, or books for a 
custom logic design because each implementation is different. 
The existing gate array and standard-cell design tools require 
extensive training.and a large investment in time and money 
for the user. The designer must document the design fully and 
provide enough support for the system engineer to use the 
customized device correctly. 


Finally, a key disadvantage of gate arrays is the reduced 
density and therefore high silicon cost compared to a dedicat- 
ed general-purpose device. They are designed by repeating a 
common loosely packed structure, leaving wide channels for 
the metal interconnect. For a given set of design rules, a gate 
array will typicaily require two to five times the silicon area for 
the same gate count. 


PROGRAMMABLE LOGIC DEVICES 


Programmable logic devices combine the best characteristics 
of standard and custom products. They offer the flexible 
architecture of a custom design as well as the off-the-shelf 
availability and reduced investment, both in engineering time 
and device cost, of a standard product (see Table 1-1). 


TABLE 1-1. iC SELECTION CRITERIA FOR DIFFERENT ARCHITECTURES 


Standard Products 


Criteria 


TTL SSI/MSI 


LSI 


Gate Arrays/ Programmable 
Standard Cells Logic 








an 


- Immediate Immediate 


Development Lead Time 


Development Cost 


Second Sources 
Architectural Flexibility 


Many 
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IC Design | 
Expertise Some/Much None 
Required 








form of customizable logic. Instead of months or years, as with 
other semicustom or full custom designs, a programmable 
logic-based design can be created in just hours. This fast 
turnaround time allows a revolutionary interactive approach to 
system design. The engineer can try out a new architectural 
approach and evaluate it very quickly. If it does not work, a 
new idea can be quickly defined, programmed and ready to 
evaluate. The speed with which a new design approach can 
be explored and evaluated creates a design environment that 
enhances innovation. | 


Programmable logic devices enjoy the same high-volume 
production economics as standard products. Producing identi- 
cal blank elements by the millions of units per year, the 
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Programmable logic has the fastest design cycle time of any 





may be differentiated from the competition. 








manufacturer can achieve low cost. A volume market attracts 
multiple vendors and encourages price competition, as well as 
provides alternate source security. The cost advantages of a 
standard product are retained with programmable logic de- 
vices, but since the parts are then customized, system designs 
In fact, truly 
innovative system designs implemented using programmable 
logic are even patentable, further protecting a design from the 
competition. 


The engineering effort and time needed to design, test, debug 
and put into production a programmable logic-based system 
device is larger than the effort necessary when using standard 
products, but substantially less than when using custom 
elements (Figure 1-3). | 


Standard 
Cell 
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Figure 1-3. Relative Development Time vs. Cost for Alternative Logic Implementations | 


Software tools are provided to reduce this overhead consider- 
ably. These permit designs to be specified in terms of Boolean 
equations, state transition equations, or gate array-like sche- 
matics. The software input specification format serves as a 
"data sheet" for the particular application and generates the 
- essential documentation information. Simulation and test vec- 
tor generation programs also exist to reduce the engineering 
effort associated with debugging and testing, both in prototyp- 
ing and production environments. 


Compared to other forms of semicustom logic, the maximum 
available logic density of a programmable logic device is 
smaller, and the manufacturing costs per equivalent gate of 
logic are greater. Since the fixed costs associated with using 
programmable logic are lower, however, this semicustom 
alternative has an advantage in lower volume designs. In fact, 
at the annual procurement volume of the majority of industrial 
electronic systems in production today—a few thousand 
systems per year — programmable logic has the lowest cost 
per gate of any form of custom logic available (see Figure 1-4). 
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Figure 1-4. Programmable Logic Provides the Lowest Cost Per Gate of the 
Three Semicustom Techniques at Volumes up to About 5K 


Programmable logic devices also offer significant user benefits 
over non-customizable standard product solutions. These 
include design optimization, design security, improved perfor- 
mance, cost reductions through board space and inventory 
cost savings, and reliability improvements through reductions 
in parts count and interconnections. 


Flexibility 


With the availability of programmable logic the designer is not 
constrained by the available selection of fixed-function TTL 
SSI/MSI parts. If a desired TTL function did not exist, the 
designer previously had to use several packages to generate 
it. With programmable logic devices the designer can easily 
create a customized part for a specific application. 


Design modifications are also easier to implement in program- 
mable logic-based systems. Changes may be made by repro- 
gramming a device, rather than re-laying out a board. The time 
required for prototyping changes can be reduced by several 
weeks, and the cost can be substantially lower. 


Design Security 


Programmable logic devices can be used to enhance the 
security of a logic design. By programming a special "security 
fuse,'' the user can disable the fuse verify logic circuitry. This 
prevents unauthorized duplication of the device, while not 
interfering with the part's logic functionality. Programmable 
logic is ideal for any application where design security is 
essential. 


Performance 


System performance can be increased through the use of 
programmable logic. The designer has the freedom to opti- 
mize the system architecture by tailoring programmable de- 
vices to implement it precisely. Thus a design may be 
implemented in the most efficient manner, frequently improv- 
ing performance. In addition, when a logic function is imple- 
mented in multiple SSI/MSI packages, the total delay incurred 
includes the time required for several on- and off-chip buffers. 
When the same function is implemented in a single program- 
mable logic device the average delay per logic gate is reduced 
because there is only one pair of I/O buffers. 


Cost Reduction 


Programmable logic devices can provide compiexity equiva- 
lent to hundreds of TTL gates. Implementing a design in 
programmable logic can therefore significantly reduce the 
board space or the number of boards necessary to implement 
a given function. This results in lower system cost, or 
alternatively, the ability to provide more function in the same 
enclosure. 


Reliability 


Compared to standard TTL SSI/MSI, programmable logic 
reduces the number of packages necessary to implement a 
given function. In some cases an entire PC board can be 
eliminated. This reduction in parts count wiil result in increased 
system reliability. Reducing the number of packages also 
reduces the number of external connections between devices 
in the system. Since these connections are often the least 
reliable portions of a digital system, the use of programmable 
logic can improve system reliability in this manner, too. 


PROGRAMMABLE LOGIC FROM 
ADVANCED MiCRO DEVICES 


The remainder of this Handbook will focus on the programma- 
ble logic devices offered by Advanced Micro Devices. Includ- 
ed will be discussions of their architecture and features, how 
to design with them, hardware and software tools, testability, 
technology, reliability, applications, and detailed product spec- 
ifications. 


Advanced Micro Devices offers a broad family of PAL-type 
programmable array logic devices. These devices feature a 
programmable-AND array which feeds into a set of fixed-OR 
gates. As any logic function can be expressed in an AND/OR 
sum-of-products (SOP) form, these basic elements can be 
programmed to satisfy a wide variety of complex custom logic 
requirements. 


Tables 1-2 and 1-3 show AMD's PAL product family and the 
features incorporated in AMD's products: on-chip registers, 
feedback paths, output enable control, user-programmable 
output logic macrocelils, programmable output polarity, vari- 
able product term distribution, buried registers, special test 





_AMD is not restricting itself to just the PAL architecture. Also 


functions, etc. Today's devices range from 200 to over 1000 
available is a PROM-based fuse-programmable sequencer, 


gates of functional complexity. Performance is high, with 









propagation delays lower than 15 ns and clock rates greater the Am29PL141. In the future, AMD will be offering program- 
than 40 MHz. ECL PAL devices featuring 125-MHz operation mable logic devices based on other architectures that may be 





are available. ; optimized for specific types of applications. 





| ‘TABLE 1-2. INDUSTRY-STANDARD 20-PIN MEDIUM COMPLEXITY PAL FAMILY 
|_Part Number | Array inputs | topic | | tuts 


Ten Dedicated, | , Six Bidirectional, 
. 16L8 Six Bidirectional Eight 7-Wide AND-OR-INVERT Programmable Two Dedicated 


Eight Dedicated, Four 8-Wide AND-OR Dedicated | Registered Inverting 


Four Feedback, 
Four Bidirectional Four 7-Wide AND-OR-INVERT Programmable Bidirectional 


Eight Dedicated, Six 8-Wide AND-OR | Registered inverting 


Six Feedback, 
Two Bidirectiorial Two 7-Wide AND-OR-INVERT | Programmable Bidirectional 
Eight Dedicated, ; | ; 
16R8 Eight Feedback Eight 8-Wide AND-OR Dedicated Registered Inverting 
Ten Dedicated, as ; | Six Bidirectional, 
Six Bidirectional Eight RS NEO: Programmable | two Dedicated 
~ 46LD8 Ten Dedicated, Eight 8-Wide AND-OR-INVERT Dedicated 
; Six Bidirectional 
oe Ten Dedicated, ; ; 
16HD8 ‘Six Bidirectional Eight 8-Wide AND-OR ears ©, | Dedicated 


16R4 


16R6 





TABLE 1-3. ADVANCED PAL DEVICES FROM ADVANCED MICRO DEVICES 


Technology (tep) 
PD. 


15 ns 


Part Number 
| = 18P8 


Bipolar TTL 


Bipolar TTL 15 ns 





Bipolar TTL 
Bipolar TTL 


20L10 


22P10 


20RP4 
20RP6 
20RP8 
20RP10 


22XP10 
20XRP4 
20XRP6 
20XRP8 
20XRP10 


22V10 


20EV8 


15 ns 


Bipolar TTL 15 ns 








Bipolar TTL 







Bipolar TTL 25 ns 


Bipolar TTL 


Bipolar ECL 
Bipolar ECL 
E? CMOS 


ie) 
Or 
3 
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35 ns 


E? CMOS 


29MA16 


APPLICATIONS 


PAL devices are used in a broad base of applications. They 
are used frequently in minicomputers, workstations, personal 
computers, and peripherals. They show up in military as well 
as commercial applications. They are used both as glue-logic 
replacement and as building block ICs for high-level functions 
in the control and data paths of computer systems. Detailed 
application examples are provided in this Handbook. 
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Description 


20-Pin, 18-Input Combinatorial PAL with Programmable 
Polarity | i 


24-Pin PAL Family with 8 Registered/Combinatorial 
Outputs 


24-Pin, 20-Input, 10-Output Combinatorial’ PAL 


24-Pin, 22-Input, 10-Output Combinatorial PAL with 
Programmable Polarity 


24-Pin PAL Family with 10 Registered/Combinatorial 
Outputs and Programmable Polarity 







24-Pin PAL Family with EXCLUSIVE-OR Capability, 10 
Registered/Combinatorial Outputs, and Programmable 
Polarity 







24-Pin ‘'Family of One" with 10 Programmable Output 
Logic Macrocells (OLMs) 


20-Pin PAL Sequencer with 4 OLMs, 4 Output Registers, 
and 6 Buried State Registers 


24-Pin ECL PAL with 8 Registered OLMs 
24-Pin ECL PAL with 8 Latched OLMs 


24-Pin High Complexity CMOS 
PAL with 16 OLMs and 2 Clock Inputs 





| 24-Pin High Complexity Asynchronous CMOS 
| PAL with 16 OLMs and Product-Term Driven Clocks 


CONCLUSION 


Programmable logic combines the strengths of the dedicated 
general purpose and the custom logic design approaches. It 
offers user-customizability with immediate turn-around time. 
This revolutionary design approach results in innovative, low 
cost designs, maximizing the competitive advantage of the 
systems in which they are used. AMD offers a broad family of 
programmable logic devices. Their architecture and features 
will be described in more detail in the next chapter. 











1.2 AN INTRODUCTION TO. 
PROGRAMMABLE LOGIC 
ARCHITECTURE 








PAL (Programmable Array Logic), PROM (Programmable The major differences between these PLDs are in. their 
Read-Only Memory), and PLA (Programmable Logic Array) programmability and their eapeoly for supped various 
devices are the three most popular programmable logic logic features (Figure ads 


devices (PLDs). All three share the same basic, two-level, _ 



























internal AND-OR structure shown in Figure 1-5. The AND : 
i P 
complement), performs the desired AND functions on these see 
inputs and drives the next level. The second-level OR array OR 

desired (AND-OR) outputs. This basic AND-OR structure Figure 1-6. Variation of AND-OR Programma- 
makes PLDs ideal for implementing logic equations in Boolean bility of PLDs 


array is the first level, it accepts all the inputs (both true and AND 

Programmable Programmable 
combines various AND functions together producing the 7 
sum-of-products (SOP) form. 


PLD NOTATION 


For ease of use and better understanding, a simple convention 
has been adopted for programmable logic devices. Figures 1- 
7 and 1-8 depict these rules. Figure 1-7.a shows the logic 
equivalent of a programmable AND array and Figure 1-7.b 
shows the simplified conventional representation for an AND 
array. Figure 1-8 shows the equivalent technique for describ- 
ing an OR array. ae 
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Figure 1-5. Basic Programmable Logic | 
Device Architecture 
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Figure 1-7.b Programmabie-AND Array Logic 


Figure 1-7.a Programmable-AND Array Logic Diagram Notation 


Equivalent 


1-8 
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Figure 1-8.a Programmable-OR Array Logic 
Equivalent 


The AND-gate inputs are represented by a single line, 
commonly described as the product term. All array inputs (true 
and complement of each device input) are shown connecting 
to a single input AND gate. In reality each input will have both 
of its true and complement routed to the AND array. Thus, an 
n input device will have AND gates with 2n inputs. For 
example, the AmMPAL16R8 has sixteen inputs, but ali these 
inputs and their complements (i.e., thirty-two lines) are routed 
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Figure 1-8.b Programmable-OR Array Logic 
Diagram Notation 


to each AND gate. In a programmable-AND array, each row 
and column intersection, as shown in Figure 1-9, represents a 
fusible input connection to the AND gate. The fuse state, 
either left intact or blown, determines the customized function 
of the device. An intact fuse connects the corresponding input 
to the product term, a blown fuse disconnects that input line 
from the product term. 





- intact 


rOwW 


column : 
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Figure 1-9.. Fusible Arrays — Customizable Logic Functions Determined by Fuse State 


Figure 1-10.a shows the fuse implementation of the logic 
AND-OR function (A « B + C « D)*. To get the A « B function, 
the fuses connecting input lines A and B to the first product 
term are left intact, while the fuses connecting input lines C 
and D to the ist product term are blown. To get the C « D 
function, the fuses connecting input lines C and D to the 
second product term are left intact, while the fuses connecting 


input lines A and B to the second product term are blown. In 
the example here, the inputs are shown in their true forms 
only, without their complements. Figure 1-10.b shows the 
simplified conventional representation of this function. An X at 
the intersection of input line and product line represents an 
intact fuse; a missing X represents a blown fuse. 


*The symbol * or + represents the iogical-AND function while + represents the fogical-OR function. 
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Figure 1-10.a Fuse Implementation of AND-OR 
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Figure 1-10.b Conventional Representation 


initially, all the AND gates of the programmable-AND array are 
connected, via fuses, to both the true and complement of 
every input. By selective programming of fuses, the AND gates 
may be ''connect 
complement fuse), to only the complement input (by blowing 


" to only the true input (by blowing the 


the true fuse), or to neither type of input (by blowing both - 


fuses) establishing a logical don't care. 


An AND gate with all fuses blown assumes the logical-true (1 ) 


state. When all the true and complement fuses are left intact, © 


an unconditional logical-false (0) results on the output of the 
AND gate. An AND gate with all of its input fuses intact is 
represented by an "'X'' within the AND gate. 


1-10 





ANATOMY OF A PROM DEVICE 


Figure 1-11 shows the basic architecture of a very simple 
combinatorial PROM device using the notation of Figure 1-7, 
1-8, and 1-9. The PROM shown has four inputs (with corre- 


sponding buffers), sixteen AND gates, and four OR outputs. 


The most important feature of the PROM architecture is that 
an array of fixed-AND gates feeds programmable-OR gates. 
The PROM inputs are fully decoded by the fixed-AND array. 
This means that every combination of inputs is represented by 
a separate AND gate, 2n AND gates in a PROM with n inputs. 
For example, the PROM of Figure 1-7 has four inputs and has 
sixteen AND gates. ¥ : 
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Figure 1-11. PROM Array Structure 
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Notion of Min Terms and Product Terms 


~ PROM devices incorporate the concept of Min term. Before 
we define a Min term, let us define first a Literal. 


A Literal is either a variable or its complement. A Min term of n 
variables is a product of n literals containing all the variables in 
either true or complement form, but not both. For n variables, 
there are a maximum of 2" Min terms. For example the 
variables A, B, C, have the following eight Min terms: 


/A + /B* /C 
/A+*+/B*x C 
/A* Be /C 
/A+ Bre C 
A+ /B* /C 
A*+/Be C 
A* Be /C 
A+ Bre C 


While PROMs incorporate the concept of Min terms (since all 
the inputs are fully decoded), the PAL or PLA devices 
incorporate the concept of product terms. A product term of n 
variables is defined to be a product of 1 to n literals containing 
either one, two or many variables (up to n), in either true or 
complement form, but not both forms of the same variable. 
For example, for three input. variables such as A, B, C there 
can be twenty-six different product terms: 


(6) A, /A, B, /B, C, /C 


(12) A+ B,A+C,B+C, /A+B, /A+*C, /B+C 
A +*/B, A */C, B #/C, /A */B, /A */C, /B */C 


A+B+C,/A+BeC,A*/BeC, A*Be /C 
/A +#/B +#/C, /A +/B «+ C, A+ /B #/C, /A* B® /C 


A PROM can be used for simple logic functions. Since the OR 
array is programmable, the outputs can be programmed 
individually from every possible input combination. This allows 
a PROM device to implement a separate and independent 
logic function on each of its outputs. Thus, each PROM output 
can implement any logic function limited only by the number of 
inputs available. | 


(8) 


Since all the PROM inputs are fully decoded, applications such 
as look-up tables, character generators, code converters, and 
various function generators which require every input combi- 
nation to be programmable are good candidates for PROMs. 


However, PROMs have a fixed number of inputs and a fixed 
number of outputs. For example, a 4K x 8 PROM has twelve 
inputs and eight outputs. Thus it needs 4,024 fixed-AND gates 
to fully decode its twelve inputs. This fixed input/output 
structure is a major limitation of a PROM device, especially for 
logic functions. A logic function requiring a different mix of 
inputs and outputs — even though the total number may be 
less than that offered by the structure of a PROM — will not be 
able to use that PROM device. Thus, a function requiring 
thirteen inputs and six outputs would not fit into the previously 
mentioned 4K x8 device, even though it requires a smaller 
total number of inputs and outputs (13 + 6) than the device 
Offers (12 + 8). 


Another limitation of the PROM devices is that it is difficult to 
accomodate a large number of inputs. Each additional input, 
doubles the size of fuse matrix. For example, a ten-input, 
eight-output function requires a PROM with 8K fuses. Increas- 
ing the inputs to eleven increases the fuse array size to 16K 
fuses. Because of this, the largest PROM presently available 
is limited to fourteen inputs (16K x 8). 


Typical logic fuctions can easily have up to sixteen inputs 
-which would require a PROM with 64K locations. For four 
outputs, this would require 256K locations. However, few 


applications, especially for logic functions, would require all 
possible input combinations. A large number of fuses would 
therefore not be used. Also, typical output functions don't 
always come in data granularity matching the PROM width. 
For example, data path functions tend to be wider than the 
path itself because of additional functions such as parity bits, 


ripple carry, and serial inputs and outputs etc. Thus, these 


would not be well served by fixed width PROM sizes. 


Various control path functions, such as state machines, can 
also quickly use up both inputs and outputs. A PROM with a 
register on the outputs as a state machine would require both 
logical inputs and state feedback inputs, while generating 
control outputs and state feedback outputs. Note that for each 
bit of state information, the feedback inputs and outputs are 
tied together, using up an input and output pin (Figure 1-12). 
Thus, when a large number of states are required, very few 
input and output pins are left over to do something else. 
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Figure 1-12. Registered PROM State Machine 
ANATOMY OF A PAL DEVICE 


The array architecture of a PAL device is shown in Figure 1-13. 
The basic PAL structure is exactly opposite that of a PROM: 
the AND array is programmable and the OR array is fixed. 
Unlike PROMs, the inputs are not fully decoded. There are six 
inputs to the PAL array of Figure 1-13, but only sixteen AND 
gates (not 2° gates). Since the AND array of a PAL device is 
programmable, all the inputs need not be fully decoded. This 
helps to remove one of the key inefficiencies ofa PROM (2° 
gates for n inputs), allowing PAL devices to have considerably 
more inputs. 


In other words: increasing the number of inputs does not result 
in a dramatic increase in the number of fuses. For example, 
increasing the number of inputs (from six to ten) for the 
example of Figure 1-13 increases the fuse array only from 
12x 16, to 20x 16. 


- The fixed-OR array of a PAL device dictates to which OR gate 


any particular AND gate connects. In Figure 1-13, four AND 
gates are dedicated to each OR gate in the array. Since, for a 
PAL device, the output provides the sum of a limited number 


of AND gates, the number of AND gates required by an 
equation must not exceed this number. 


Besides their larger number of inputs, PAL devices contain 
many additional architectural features which make them ideal 


for implementing logic functions. These features include 
programmable !/O pins, registered or combinatorial outputs 
with internal feedback to the array, outputs with programmable 
polarities, etc. (A detailed description of further features is 
provided later in this chapter) 
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Figure 1-13. PAL Array Architecture 


ANATOMY OF A PLA DEVICE 


The array architecture of a PLA device is shown in Figure 1-14. 
The PLA architecture has both the AND array and the OR 
array user-programmable. This gives additional logic capability 
over PROMS and PAL devices. PLAs combine the advantages 
of PAL devices over PROMs (the programmable-AND plane), 
with the advantages of PROMs over PAL devices (the 
programmable-OR plane). PLA devices can include the same 
logic features which overcome the limitations of too few 
inputs, the allocation of inputs versus outputs, registered 
feedback, or output polarity, although few commercially avail- 
able devices actually implement them. The programmable-OR 
array allows AND gates to be tied to OR gates, as desired, by 
blowing appropriate fuses. Here logic functions are limited by 
the total number of AND gates allocated to all outputs, instead 
of by the AND gates allocated to a particular OR gate in a PAL 
device. Thus, logic functions requiring a larger number of AND 
gates may be allocated to a particular OR gate appropriately. 


Additionally, a PLA structure allows true sharing of AND gates 
for an output; the same AND gate may drive multiple outputs. 
This allows more efficient utilization of AND gates in a PLA 
than in a PAL device. 


The disadvantages of PLAs are not quite so obvious. Because 
of the extra programmable-OR plane, a given signal has to 
pass through two programmable arrays; as a result, PLAs are 
inherently slower than PAL devices and PROMs. This can 
make a PLA unsuitable for many high-performance applica- 
tions. Also, in practice the user can seldom take advantage of 
allocating a large number of AND gates to a particular OR 
gate. The number of AND gates required for a particular 
equation is related to the number of inputs to the equation. 
Equations using a large number of AND gates, with a large 


number of inputs pins, can be very cumbersome. Traditional 


logic design techniques such as Karnaugh maps cannot 
handle much more than five or six inputs, and computer aid for 
this task is not generally available. Also, because of the added 





most of the commercial PLAs have fewer AND gates than 
comparable PAL devices. ; . . 


In data-path applications such as barrel piers. the sharing of 


AND gates between outputs is almost impossible. Here 
individual equations are dependent upon their individual data 
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line (ie., the equation for output QO is dependent on DO; Q1 is 
dependent on D1, etc). Here, PAL devices which do not have 
to provide AND-gate sharing for output, tend to fit better. Since 


the critical path of most systems is in the data path, PAL 
devices tend to be better suited for these applications, ‘since 
they are faster than PLAs. 
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Figure 1-14. PLA Array Architecture 


SUMMARY 


PAL, PROM, and PLA devices represent three programmable 
logic architectures. Although very similar in basic array archi- 
tecture, they differ significantly in their ability to implement 
logic functions, in their applications and | in their ahi 
ty aspects. 


Each device type implements an AND-OR two-level logic array 
which allows implementation of logic equations in SOP form. 
The PROM is the most limited of the three device types. While 
it is able to implement any logic function it has very few inputs 
to work with. In a PROM device, all inputs are fully decoded, all 
the Min terms are generated, and each output provides the 
sum of Min terms of all the input variables. The PROM. has a 
fixed number of inputs and outputs and does not provide any 
architectural features to. enhance logic design capability. 


PLA devices, on the other hand, provide the most flexible 
architecture of the three for implementation of logic equations 
by using a programmable-AND array and a programmable-OR 
array. However, in practice the added flexibility of the PLA can 
seldom be effectively used. Further, the PLAs' inherent lower 
speed is unacceptable in high-performance designs. | 


The PAL device, sits in between. It provides significant 
capability to implement logic functions. Its programmable-AND 
array allows equations with many inputs. Its other architectural 
features such as programmable I/O, internal register feed- 
back, and choice of output polarity allow opumization of pin 
allocation and logic equations. 


Table 1-4 summarizes the advantages and disadvantages of 
the three programmable logic architectures. . 


_ TABLE 1-4. COMPARISON OF THREE DIFFERENT PROGRAMMABLE LOGIC ARCHITECTURES 


PLA 


Full decoding of all input Partial decoding of all input Partial decoding of all input variables 
variables variables 

Génerste- all Min tenne Generate limited number of Product Generate limited number of Product 

Terms Terms — 

Each output provides sum of Min Each output provides sum of | Each output can provide sum of all 
terms limited number of Product Terms the Product Terms 

Limited Architecture features Additional Architecture features Additional Architecture features 
_ Speed—Faster Speed—Fastest Speed—Slowest 

Flexibility 
Limited | Better than PROM Maximum 
Easy to understand and use Fairly easy to understand and use Hard to understand and use 





Ze 





DETAILED ARCHITECTURE OF PAL AND plane 
DEVICES — CAPABILITIES OR plane 


Storage elements 


Figure 1-15 shows the detailed architecture of a typical PAL 1/O pins 
device, and its important architecture variables. Four most 
important components of PAL architecture are: 
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Figure 1-15. PAL Architecture 
PAL Architectural Variabies 
@® Number of Inputs @ Number of OR Outputs ® Nature of Output Cells ® Dedicated |/O 
@ Number of AND Gates @ Number of PTs/Output @ Nature of Feedback ® Bidirectional 1/O 
| @ Distribution of PTs ® Prog. Polarity : 
® Number of Banks 
® Clock Control 
@ RESET/PRESET Control 
@ PRELOAD 
Architecture of the AND Piane functions such as Output-Enable control, RESET, PRESET, 
PRELOAD, and observability. 
This plane provides the interconnection of inputs (both true The total number of inputs and product terms determine the 
and complement) to the AND gates to form both logical and size of the AND plane. While the first-generation PAL devices 
functions and control product terms are used for control the trend is towards larger AND planes. 


Architecture of the OR Plane 


This plane determines the connectivity of the “logical ORing"’ 
of the AND gates to the outputs, and defines three things: the 


number of OR outputs, the number of product terms (PTs) per | 


output, and the distribution of PTs per output whether same or 
variable. - 


Ina wna PAL aronnecale. the outputs of the AND gates are 
connected to fixed-OR gates. The limitation of the PAL 
devices’ AND-OR plane is the number of inputs to the AND 
gates, the number of AND gates, and the number of ''OR" 
outputs. While first-generation devices had seven-eight logical 
product terms per output and a maximum of eight OR outputs, 
the trend is toward a larger number of outputs with more 
product terms per output. 


Architecture of Output Celis 


The architecture of the output cells specifies at least the 
following: 

@ Nature of output 

@ Nature of flip-flop used as storage element 

-@ Organization of outputs 

@ Flexibility of feedback path 


The output(s) can be configured to have either sequential 
(registered) or combinatorial capability, as well as polarity 
control for active HIGH and active LOW. 


The flip-flops used for output cells can be one of the following: 
edge-triggered D-type flip-flops, J-K, S-R, or T flip-flops, or 


latches. Flip-flops are good for clocked synchronous system 


designs, while latches are good for diasielae logic 
applications. 


D-type flip-flops are the easiest to design with, while J-K flip- 
flops are probably the most flexible. However, there is a trade- 
off especially on the OR array for implementing either D or J-K 
type flip-flop. A disadvantage of the J-K flip-flop is that both 
the inputs have to be driven by the OR array. This increases 
the OR-array size. The disadvantage of the D flip-flop is that it 
requires a HOLD term to hold a particular state; J-K flip-flops 
do not need HOLD terms. It is conceivable that a given logic 
function could be implemented with a smaller number of 
product terms with J-K rather than D flip-flops. However, this is 
application dependent. For state-machine designs involving a 
large number of frequent state transitions, the benefits of J- K 
over D becomes less important. 


Traditionally, for PAL devices, speed and architecture simplici- 
ty have been the most important criteria and most PAL 
devices use D-type flip-flops only. Lately even other types of 
flip-flops are being offered on PAL devices. 


The organization of the output cells determine whether all the 
cells are organized as a single bank (with a common clock), or 
configured into multiple banks with separate clocks. 


The output cell structure also determines the flexibility of the 
feedback path. The feedback may be from the combinatorial 
output, registered output or from the 1/O pins. The feedback 
paths can be either a single or multiple lines for increased 
flexibility. 


Architecture of 1/0 Pins 


The I/O pin architecture determines whether a pin may be 
defined as a dedicated input pin, dedicated output pin, or a 
dynamically-controllable 1/O pin. 


While the first-generation devices had a limited number of 
dedicated input pins, few output pins, and few programmable 
\/O pins, the newer PAL-type devices have more programma- 
ble 1/O pins. 


PAL Nomenclature 


PAL devices are known in the industry by the following 


nomenclature: 


PAL xx y Zz 


Maximum Number of Outputs 
Combinatorial or Maximum 
“number of Registers 


Type of Outputs 
R = Registered 
L = Active LOW 
H = Active HIGH 
P = Programmable Polarity 
V = Versatile Output 
Macro Cells 

X = Exclusive-OR output 
S = Sequencer-Type device 
M = Input/Output Macro Cells 
A = Asynchronous outputs 
G =Latched Outputs 

— Maximum Number of Array 


Inputs 


For example, the AMPALHCT29M16 (which is a 24-pin CMOS 
PAL device) has a maximum of twenty-nine inputs to its AND 
array, and sixteen input/output macrocells. Since the maxi- 
mum number of inputs (twenty-nine) plus the outputs (sixteen) 
exceed the total number of pins in the package, it implies that 
the device has feedback and/or bidirectional |/O pins. 


PAL ARCHITECTURAL FEATURES AND 
BENEFITS 


PAL devices contain many architectural features which make 


. them ideal for implementing logic functions. These features 


include: 

Programmable I/O pins 

Flexible Output-Enable control and Bidirectional I/O 
Dedicated versus programmable output structure 
Programmable polarity 

Flexible clocking scheme 

Buried state registers 

Miscellaneous features 

— Accessibility 

— Controllability 

— Testability 

— Observability 


Programmable |/O Pins 


Programmable input/output pins are one of the most impor- 
tant resources of a PAL device. They allow the PAL device to 
be tailored to fit the required allocation of inputs and outputs. 
PAL devices can thus implement far more complex and 
different logic functions than a PROM — even one with more 
pins. 


Flexible Output Enable Control & Bidirectional 
1/0 


Logic diagrams for the bidirectional output structures of the 
PAL devices are shown in Figures 1-16.a and 1-16.b. One 
important feature of the PAL devices’ bidirectional output is 
the flexibility in controlling the Output Enable. 


The Output Enable can be either dedicated (controlled by a 
pin) or programmable (controlled by a product term from the 
AND array). | 


The output buffer associated with the output pin may be 
programmed in one of three ways: as a dedicated output, a 
dedicated input, or a dynamically controllable input/output. 


When programmed as a dedicated output, the output buffer is 
always enabled and the logic function is fed back to the AND 
array. This feedback path allows more complex logic functions 


to be implemented by using two or more levels of AND-OR 
gating. 





When programmed as a dedicated input, the AND-OR gate 
associated with that pin is unused. This ability to trade off 
outputs for inputs is one of the big advantages of PAL devices 
over other programmable logic devices, especially PROMs. 
The designer is no longer limited to a fixed number of input 
and output pins. The ratio may be programmed to fit the 
intended application. 
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Finally, when programmed as a dynamically controllable 
input/output buffer (i.e., enabled/disabled by a logical combi- 
nation of one or more inputs) this pin may be used as an input, 
while retaining the full logical capability of the AND-OR gate. 
This is especially useful in control applications (microproces- 
sor handshaking protocols) and bus-oriented data operations 
(data steering and data storage/manipulation). A serial input/ 
output pin is a common example. When shifting left the pin is a 
serial input, but when shifting right the pin is a serial output. 
This mode provides maximum utilization of the PAL architec- 
tural resources. 








Figure 1-16.a Active-LOW Bidirectional Output 
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Figure 1-16.b Active-HIGH Bidirectional Output 


Figures 1-17.a and 1-17.b show the active-LOW and active- 
HIGH versions of PAL devices with dedicated outputs. Here 
the outputs are always enabled and the AND gate previously 
used for the Output-Enable function can-be used for an extra 
logic product term. The feedback path from output to input is 


still provided, allowing for implementation of multi-level logic. 
This extra AND gate makes these outputs ideal for non-bus- 
oriented logic replacement, especially complex control-signal 
generation, encoding, and decoding. 
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Figure 1-17.a Active-LOW Dedicated Output 
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Figure 1-17.b Active-HIGH Dedicated Output 


Individual product-term control for each Output-Enabie func- 


tion gives the designer the ability to configure each output on 


an individual basis. On the other hand, a common, dedicated | 


Output Enable (Figure 1-18) makes registered PAL devices 
ideal for bus-oriented systems. The registered PAL device can 
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be programmed to provide data storage, operation, or steering 
functions, the result of which is placed on the data bus by 
enabling the output buffer. Since most PAL devices have 
24 mA current sinking capability, they can drive most on-board 
buses and many backplane buses. 
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Figure 1-18 Registered Output 


Figures 1-19 and 1-20 show the output structure of second- 
generation devices such as the AmPAL18P8 and the Am- 
PAL22V10, where each output is controlled by a separate 
Output Enable product term. Figures 1-21.a and 1-21.b show - 
the output structure of the AmPAL23S8. Here, besides a 
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separate product-term control for each output, there is a 
polarity fuse. This polarity fuse allows the designer to control 
the Output Enable as a combination of various signals 
(DeMorganized equations) rather than a single AND term. This 
is especially useful in bus-control applications. 
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Figure 1-20.b Output Configurations of AmPAL22V10 
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Figure 1-21.a AmPAL23S8 Output Logic Macrocell 
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Figure 1-21.b AmPAL23S8 Output Register | 


Dedicated vs. Programmable Output Structure 


PAL. devices come with either dedicated or programmable 
output structures which can be registered or combinatorial. 
While the first-generation devices such as the 16LD8, 16HD8, 
etc., had dedicated active-LOW/HIGH outputs and the 16R4/ 
16L8 devices had dedicated registered or combinatorial out- 
puts, the trend is towards PAL devices with more flexible 
output structures. 


Figure 1-20 shows the output architecture for the Am- 
PAL22V10 where each output can be defined and its architec- 
ture programmed on an individual basis. Each output is user- 
programmable for either registered or combinatorial operation. 
This flexibility allows the designer to optimize the device 
design by having only as many registers or combinatorial 
outputs as needed. 


One common feature of most registered PAL devices is the 
registered output with feedback to the array. This registered 
feedback path fits the classical state-machine design. The 
register's input is driven by the AND-OR array and is used to 
store the logic information. Once the data is stored in the 
register, it can act either as output or present state informa- 
tion. The registered PAL device can thus be used as a 
synchronous state machine. The feedback acts as the ''pres- 
ent state'’ information which, combined with the ‘present 
inputs" is used to generate the ‘next state’’ information. 


Programmable Polarity 


Programmable polarity allows the designer to configure the 
output as either active HIGH or active LOW. First-generation 
devices lacked this capability. The second-generation PAL 
devices such as the 18P8, 23S8, 22V10, 20EV8, 20XRP10, 
and third-generation devices such as the 29M16 CMOS PAL 
Family all incorporate this feature. . 


Programmable polarity, along with the choice between either 
registered or combinatorial output, allows the designer to 
operate an individual output in one of four modes: Registered/ 
Active LOW, Registered/Active HIGH, Combinatorial/Active 
LOW, and Combinatorial/Active HIGH. Note that the associat- 
ed feedback path also changes with the output mode. This 
capability gives the designer more flexibility to optimize the 
device for the particular application requirements. 
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Number of Product Terms/Output and 
Distribution of Product Terms 


The logic capability of a PAL device is determined by the 
number of product terms per output and how they are 
distributed. The larger the number of product terms per output 
the more powerful is the device's logic capability. However, 
there has to be a balance between logic flexibility and 
utilization efficiency. Increasing the number of product terms 
per output unnecessarily results in inefficient utilization of 
device resources. For replacing SSI/MSI devices, a maximum 
of sixteen product terms per output is considered adequate. 


The other factor which determines the logic capability is the 
distribution of product terms: whether product terms are 
distributed equally or unequally. Variable product-term distribu- 
tion allocates different numbers of logical product terms to the 
individual outputs, increasing the complexity of logical func- 
tions to be performed. With sixteen logical terms allocated to 
an output, up to sixteen logical terms can be evaluated in a 
single clock cycle, without requiring any feedback. 


Flexible Clocking Scheme 


Most of the registered PAL devices can be used for synchro- 
nous state machines. For most of the simple synchronous 
state machines, one common clock for all the registers is 
adequate. However, some applications may require more than 
one clock, preferably with programmable polarity, so that 
registers or banks of registers can be triggered either by the 
rising or trailing edge. Multiple clocks with programmable 
polarity are useful for building pipelined systems — where 
different elements of the system can possibly be triggered by 
different edges. 


In a PAL device, however, a pin is a valuable resource. A 
dedicated clock pin for registered devices may be appropriate, 


but PAL devices with both registered or combinatorial outputs 


might not want to waste a dedicated clock pin used for 
registered operation only. Hence, the pin is clock as well as 
input. Glue-logic applications might want a product-term- 
driven clock. This provides a separate clock for each flip-flop. 





Buried State Registers 





either as outputs or as state bits. Typically these output 


storage elements are associated with I/O pins, and are driven - 


by the AND-OR array. The number of output/state registers, 
/O pins, and array size (product terms) are the three most 
important resources of programmable logic devices. These 
three resources are always in short supply. For optimum state- 
machine design, system designers always strive to achieve an 
optimum balance of these resources. 


Traditional first-generation devices such as the 16R4/16R6/ 
16R8 have been used as SSI/MSI logic replacement and for 
doing state-machine designs. However, because of a limited 
number of registers, only simple state machines can be 


Inputs 


- Common Clock 


Programmable AND Array 





The output storage elements of the PAL device are used. 


designed with these devices. For more complex state-ma- 
chine designs, designers have asked for dedicated buried 
state registers. These registers are driven from the same 
AND-OR array, but, they are not tied to the output pins. 
Therefore, they are called '‘buried registers."" However, they 
are accessible and controllable by the AND-OR array, just like 
the output registers. These buried registers provide extra 
functionality. They could be used for keeping track of various 
"internal flags'' for generating timing and various other inter- 
nal control information, without tying up the valuable !/O pins. 





_ Figure 1-22 shows the architecture of the AmPAL23S8, the 


industry's first bipolar PAL-based sequencer device. As seen 
from the block diagram, this device offers six dedicated buried 
registers in addition to eight output registers. Figure 1-23 
shows the architecture of its buried registers. 
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' Figure 1-22. Block Diagram of AmPAL28S8 
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Figure 1-23. AmPAL23S8 
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Buried State Register 


MISCELLANEOUS FEATURES — 
ACCESSIBILITY, CONTROLLABILITY, 
TESTABILITY AND OBSERVABILITY 


PAL- and PLA-based sequencer devices need a large number 
of internal registers that are easily accessible, controllable, 
testable, and observable. 


Power-up RESET 


Power-up RESET resets ail internal registers during system 
power-up. All the registered devices in the AMD PAL Family 
have been designed to reset automatically during system 
power-up. This feature is especially valuable in simplifying 
state-machine initialization. 


Due to the asynchronous operation of the power-up RESET 

and the wide range of possible Voc rise time, certain condi- 

tions are necessary to insure a valid power-up reset. For 

AMD's PAL devices, these conditions are: 

@ The Vcc rise must be monotonic 

@ Following reset, the clock input must not be driven from 
LOW to HIGH until all applicable input and feedback setup 
times are met. 


RESET/PRESET 


The ability to RESET and PRESET registers increases the 
system functionality. 


These RESET/PRESET functions can be asynchronous or 
synchronous, and can be controlled either by a dedicated pin 
gr by a product term driven from the AND array. 


If these functions are driven by product term(s), these could be 
either a common product term or individual product terms. 
When the synchronous product term is asserted (HIGH), the 
output registers will be loaded with a HIGH on the next LOW- 
TO-HIGH clock transition. When the asynchronous RESET 
product term is asserted (HIGH), the output registers will be 
immediately loaded with a LOW (independent of the clock). 
These functions are particularly useful for applications such as 
system power-on and reset. 


PRELOAD 


PRELOAD allows any arbitrary value to be loaded into the PAL 
device's output registers. AMD's registered PAL devices are 
designed with unique PRELOAD circuitry that provides an 
easy method of testing registered devices for logical function- 
ality. 


PRELOAD is the only way to allow full logic verification of 
programmed registered PAL devices and thus guarantee 
correct logical functionality. Without PRELOAD, many device 
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failures cannot be discovered until the device is tested as a 
part of the finished system. 


A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. This 
requires the ability to set the state registers into an arbitrary 
"present state’ value and to set the device inputs to any 
arbitrary ''present input’’ value. Once this is done, the state 
machine is clocked into the '"'next state,'’ which is then 
checked to validate the transition from the present state. In 
this way any state transition can be checked. 


Without PRELOAD,, it is difficult and in some cases impossible 
to test an arbitrary present state value. This can lead to logic 
verification sequences that are either incomplete or excessive- 
ly long. Long test sequences result when the feedback from 
the state registers ''interferes'' with the inputs, forcing the 
machine to go through many transitions before it can reach a 
particular state value. The test sequence becomes excessive- 
ly long when a state must be reentered many times to test a 
wide variety of input Combinations. 


In addition, complete logic verification may become impossible 
when states that need to be tested are never entered with 
normal state transitions. ''Forbidden'' or don't-care states that 
are not normally entered need to be tested to ensure that the 
state machine returns to a valid state. 


PRELOAD eliminates these problems by providing the capabil- 
ity to go directly to any desired arbitrary state. Thus test 
sequences may be greatly shortened and all possible states 


can be tested, greatiy reducing test time and development — 


costs, and guaranteeing proper system operation. 
Observability of Buried State Registers 


The AmPAL2388 is the first PAL device to offer product-term 
controlled, observable buried state registers. The observability 
product term, driven by a common AND-OR array, allows the 
system designers to observe buried registers under pin control 
or product-term contro! (by a combination of various input 
signals). The contents of the buried registers can be moni- 
tored for system debugging purposes. 


An observablity product term controls a set of six inverting 
buffers, which serve both the six buried registers and six 
output registers (four output registers and two output logic 
macroceils). The observability product term causes the six 
buffers to disable signal flow from the six output registers to 
the I/O pins, and enables signal flow from the six buried 
registers to the respective |/O pins (Figures 1-21.a and 
1-21.b). This feature is especially useful for system-level 
testing and debugging. 
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SUMMARY 


Table 1 “5 summarizes ea architectural features and their benefits for the system designers. 


TABLE 1-5. rns ARCHITECTURAL FEATURES AND THEIR BENEFITS 


Removes limitation of fixed I/Os 
Offers variable number of |/Os 

~ Allows allocation of I/Os based on application 
requirements . 


Programmable I/O Pins 


. Dedicated inputs 
Bidirectional 1/0 Capability Dedicated outputs 
‘Dynamically controllable I/Os 


Programmable Polen Simplifies deMorganization of a 
Registered Outputs with Feedback | | a | @ Simplifies state-machine design 
Combinatorial Outputs with Feedback e Allows multiple levels of logic 


Output Logic Macrocell e Variable number of registered/combinatorial outputs 


e Simplifies Mealy-Moore-type state-machine design 


Variable Distribution of Product Terms e Better application fit 


Flexible Clocking Scheme Beton syncnrenous Gesign 
Eases pipelined system design 


Offers multiple clocks 
Good for glue-logic applications 


Steciny ot « | Frees up I/O Pins . 
ettiod olla edicts: Offers more complex state-machine design capability 
Asynchronous RESET/PRESET Better system initialization 
~PRELOAD Better testability _ 


Power-Up RESET _ System initialization 


ee of leit State Registers simples system testing and | debugging 
















Product-Term-Driven Clocks 
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1.3 HOW TO DESIGN WITH 








PROGRAMMABLE LOGIC 


DEVICES 





INTRODUCTION 


Programmable Logic Devices (PLDs) with their programmable- 
AND-OR array structures are ideal for implementing Boolean 
logic functions expressed in sum-of-products (SOP) form. Any 
logic function can be implemented in a PAL device as long as 
the number of inputs, outputs, and the number of product 
terms required do not exceed what is available on the device. 


The SOP form can be derived from truth/function tables, state 
or timing diagrams, and Karnaugh maps. High-level software 
packages are available to ease this derivation. 


Logic Equations 


Digital systems are based on the Boolean logic system, which 
processes only two types of values: 0 and 1. These two values 
are processed through electronic circuits known as gates to 
produce an output. Combinations of such gates can be used 
to implement a logical equation that generates outputs based 
on combinations of inputs. These outputs can be interpreted 
as data or used as inputs to other logic networks. 


All digital logic can be expressed in terms of three fundamen- 


tal logic gates: AND (*), OR (+), and NOT (/). These logic 
gates or functions are manipulated using Boolean algebraic 
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theorems and laws to simplify and reduce complex logic 
expressions. 


Implementing Boolean Equations In PAL 
Devices 


The programmable-AND and fixed-OR structure of a PAL 
device require that logic expressions be expressed in the SOP 
form. in SOP form, the maximum number of logic levels is two: 
an AND and an OR operation. Any NOT or invert operation is 
assumed to occur before the AND plane of the PLD and 
therefore does not contribute to the propagation delay through 
the PLD AND-OR plane. 


For example: A* (B + C« (D + E)) in Figure 1-24 is a four-level 
logic expression. The subexpression D + E must be evaluated 
before ANDing with C. This is then ORed with B before finally 
ANDing with A. The logically equivalent SOP form is: 
A+B + AtCeD + AtCrE. 


The SOP equation maps directly into the PAL device structure: 
each product term (A* B, A*C«D, and A*C*E) is programmed 
into the AND array of the output dedicated to this logic 
expression. This output must have at least three product terms 
to express this logic equation (Figure 1-25). 


CONVERT TO SOP FORM 
F = A+ (B+C* (D+E)) 
F=A+*(B+ O*D + CE) 


F=A*°B + A*C*D + A*CTE 





F = As (B+C+ (D+E)) 
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Figure 1-24 A Simple Combinatorial Logic Expression 
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Figure 1-25 Logic Expression Mapped into a PAL Device — 


‘From Concept to Implementation 


Designing with programmable logic usually involves three 
phases: design, programming, and testing. In the design 
phase, you specify Boolean functions, i.e., logic equations for 
solving the problem. In the programming phase, the logic 
equations are converted into SOP expressions, which are then 
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translated into a device fuse map used to program the device. 
The test phase ensures that the programmed logic device 
performs the functions specified. 


DESIGN PHASE 


The design phase can be further partitioned into a number of 
basic steps (Figure 1-26). 





DEFINE THE PROBLEM 


CREATE A SOLUTION 


Identify Requirements 
- I/O, PTs, Speed 
Select Proper PAL 


GENERATE BOOLEAN EQUATIONS 
OPTIMIZE BOOLEAN EQUATIONS 


VERIFY DESIGN 


Generate Test Vectors 
Simulate 


GENERATE FUSE MAP 
7 PROGRAM THE DEVICE 
TESTING THE DEVICE 
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Figure 1-26. PAL Design Process 


Define Problem 


Defining the particular logic function to solve the problem is 
the first step in the design phase. Here you identify the nature 
of the problem to be solved: whether a combinatorial function 
(such as address decoding, priority encoding, data multiplex- 
ing/demultiplexing,. or generating control signals), or a se- 
quential function (such as counting, data shifting, or imple- 
menting a particular state machine). 


identify Design Requirements 


After you have defined the problem, choose a device based 
on the design requirements: number of input/output pins, 
number of product terms, registered or combinatorial outputs, 
polarity, power consumption and speed. 


Generate Boolean-Logic Equations 


Identification of inputs, outputs, and signed polarity may be 
easy. However, the number of product terms used to solve the 
design problem is determined only after the necessary Bool- 
ean logic equations have been generated. 


Generating Boolean-logic equations for combinatorial logic is 
relatively straightforward. You start with the inputs, outputs, 
and the truth table. You can derive logic equations from the 
truth table by grouping the ''1s'' (for active-HIGH outputs) or 
"Qs'' (active-LOW outputs). Grouping the ''Os"’ instead of 
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"4s" has the effect of inverting the equations. This is a 
convenient and common technique for generating inverted 
logic for use in active-LOW PAL devices. 


Generating logic equations for sequential circuits is more 
complex. You have to define the inputs, outputs, and states. 
You then draw a state diagram, specifying all the appropriate 
state transitions to generate the state table. Regular digital 
design methods are then used to assign states such that 
redundant states are eliminated to obtain the minimal number 
of states. 


After the states have been determined, assign state numbers 
and use logic minimization techniques to arrive at the minimum 
amount of logic necessary to implement the sequential func- 
tion. 


The logic equations derived from truth tables, state diagrams 
and Karnaugh maps are converted into the SOP form to fit into 
a PAL device. You can use computer-aided design (CAD) tools 
to greatly speed up the logic design process. These CAD 
packages allow you to express the design solution in a high- 
level syntax such as logic schematics or logic language 
descriptions. They also take the truth tables, state diagrams, 
flowcharts, and other high-level descriptions of the solution 
and automatically generate logic equations in SOP form. The 
equations can be minimized if they exceed the number of 





product terms available on the device. These CAD packages 
are relatively inexpensive and available from a number of 
vendors including DATA I/O (ABEL*), Personal CAD systems 
(CUPL*), and AMD (AmCUPL, and PLPL). 


ye | We will demonstrate designing with a PAL device with a simple 
| design example. We want to implement the following combina- 


- torial logic function (Figure 1-27): 


O1=/I1 

O2 = /I1«l2 
O03 =11 +13 
04 = /(/13+14) 


O5 = /(/I3#I5#16 + 17 + 18+19) 
O6 = /(I8#19 + /13*/17#19«110) 


Figure 1-27. Logic Design Example 


For this example, the optimized poliean eauaione can be 
written in the SOP form: 


O01 = /I1 
O2 = /I1*12 
O03 = 11 +13 
04 = 13 + /14 
O5 = (13 + /1I5 + /16)*/17*(/18 + /19) 
ze (I3*/17 + /15*/17 + /16*/17)*(/18 + /19) 
= 13%/17#/18 + /15%/17*/18 + /16*/17*/18 
+ 13*/17#/19 + /15*/17*/I9 + AN6*/17*/I9 
O6 = (/18 + /19)*(13 + 17 + /I9 + /110) 
= /18«13 + /18«17 + /18*/I9 + /18*/110 
+ /|9x13 + /I9#I7 + /19*/I9 + /19*/110 


Outputs O5 and O6 have six and eight PTs, respectively. 


_ Using logic minimization (available with most PLD design 
packages), O6 can be reduced to the following equation with 
only four PTs. 


O6 = /I9 + /18«I3 + /IB«I7 + /18*/110 


Logic minimization reduces the number of PTs necessary to 
represent a function such that the logic expression can fit into 
an output on a PLD. If the number of PTs after minimization 
still exceeds the number of PTs for the output pin, then you will 
have to use a larger PLD with more PTs per output. 


Inverted Logic Expressions 


In the above example, we have specified active-HIGH outputs. 
However, if you wanted to use an active-LOW PLD such as the 
AmPAL16L8, the equations in Figure 1-27 would have to be 
converted from active HIGH to active LOW by applying 
DeMorgan's theorem as follows: 


/01 = 11 

/02 = 11 + /l2 

/03 = /I1«/I3 

/04 = /13+14 

/05 = /13+I5416 + 17 + 18#19 
/06 = 18+I9 + /13#/I7#19#110 


| The equations are in the SOP form and can map directly into a 


PLD. 


Note that more advanced PLDs such as the AmPAL22V10 


have output macrocells which give the user many output 
options. These outputs can be programmed with HIGH or 


_LOW polarity. Since the output pin is programmable, you can 


choose between the active-HIGH or active-LOW implementa- 
tion, whichever, gives the lowest number of PTs per output. 


Verify Design 


After you have generated the logic equations, you can perform 
logic simulation on the resulting equations to test for correct 
functionality before actually programming a part. This is an 
inexpensive and fast way to catch mistakes. The simulation 
procedure uses test conditions or vectors which specify the 
inputs to and expected outputs from a PLD. Some CAD 
systems can generate the test vectors automatically, or you 
can generate them manually. 


If manual test vector generation is performed, it is usually done 
by the logic designer who knows the design best. The 
designer creates a function table showing the inputs and 
expected outputs into and from the device. A CAD package 
can then convert the data in the function/truth table into a 
valid test vector format acceptable by the simulator and the 
PLD programmer/tester to be used. 


PROGRAMMING PHASE 


Once you are satisfied with the results of logic simulation, a 
device map can be generated from the equations. Figure 1-28 
shows the logic diagram of the AmMPAL16L8 for implementing 
above equations. We have arbitrarily assigned outputs 01-06 
to pins 14-19, and the inputs 11-110 to pins 2-9, 11, and 13. 


O1 is assigned to pin 19. To make this output the inverse of I1, 


. connect input line 0 to product term 1 and disconnect all the 


remaining links for this product term. For fuse-based PLDs, 
you have to selectively make disconnections by blowing fuses. 
Connections are indicated by an X at the intersection of input 
line O and product term 1 in Figure 1-28. 


Since the other PTs for the ''O1"' output OR gate are unused, 
their outputs are forced to zero by connecting all the links. 
When all the links are connected, both the true and comple- 
ment value of an input are fed to a PT, resulting in a logic zero. 
In Figure 1-28 unused PTs (with all connections intact) are 
indicated by Xs in the AND gates at the OR gate inputs. 


The final consideration for ''O1" output is the output enable. 
The logic diagram and logic equation for the function O01 do 
not show output enable function. This means that ''O1" 
should be always enabled. In Figure 1-28, PT 0 controls the 


Output Enable function for ''O1". PT 0 is always TRUE/HIGH 
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when all the links in a PT are disconnected. 
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Figure 1-28. Logic Diagram for Example of Using the AmPAL16L8 
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The next output /O2 is the OR function of 11 and /l2. The 
equation /O2 = 11 + /l2 is represented in the PLD by leaving 
input line 0 (11) connected to PT 9 and disconnecting the rest 
of the links on this PT. Then since an OR function is needed, 
we move to the next PT and leave input line 5 (/I2) connected 
while disconnecting the other links in PT 10. Since.PT 11 


through 15 will be unused, we indicate this by putting an X in - 


the AND gates at the input of the NOR gate. Function 02 is 
also always enabled, hence no X is put in the AND gate 


Since pins 12 and 13 are not being used as outputs, Xs are put 
in the AND gates for all these product terms. — 


As you can see, any function can be put into the SOP form and 


- then a device map generated for it. However, it is very time 
consuming to generate these maps by hand. Therefore, PLD 
-CAD packages have been developed which automatically 


representing the enable product term PT 8, indicating met all | 


the links in PT 8 have been disconnected. 


generate the PLD map from the Boolean equations. The map 
can then be loaded into a PLD programmer to program the 
device. . 


. One such first-generation Assembler based CAD package, 


Output /O3 is the AND of /I1 and /I3. To implement this, input — | 


line 1 (/I1) is connected to PT 17. Since we want an AND 
function, input line 9 (/I3) is also connected to PT 17. These 
connections are represented by Xs. The other links in PT 17 


_are disconnected. Since the rest of the PTs are unused, an X_ 


is placed in the AND gates for PT 18 through 23. The Output- 
Enable PT for /O3 is also left blank, which will always enable 
the output /O3. 


Output /O4 is similar to /O3. To generate the AND function, 
input line 9 (/I3) and input 12 (l4) are connected to PT 25, 
while the rest of the links in PT 25 are disconnected. The other 
PTs are unused, and the output is always enabled. 


Output /O5 is generated by ANDing /13, 15, and I6 on PT 33, 
connecting !7 to PT 34, ANDing !8 and I9 on PT 35, and 
leaving PTs 36-39 unused. 


/O6 is generated by ANDing I8 and I9 on PT 41 and ANDing 
/\3, /I7, 19, and 110 on PT 42. Product terms 43 through 47 are 
left unused. For both outputs /O5 and /O6, the output enable 
PTs 32 and 40 are left blank to always enable the respective 
outputs. 


called AmPALASM20*, was developed by AMD. It allows you 
to enter Boolean equations using regular logical operators 
(AND, OR) and produces a device map. Figures 1-29 and 1-30 


show the example in Figure 1-27 written in AMPALASM20 and 


the resulting device map: 


PAL16L8 

PATOO1 

DESIGN EXAMPLE 

ADVANCED MICRO DEVICES 

NC 11 (2 13 14 15 16 17 18 GND 

I9 NC 110 06 05 04 03 02 01 VCC 


. 
’ 


/O1=11 


102 =11 + /l2 
/03 = /I1 * /I3 
1/04 = /13+14 


/05 = /13#15+*I6 + /17 + 18+I9 
/06 = 18*19 + /13*/17+*19*110 


Figure 1-29. Abbreviated AmPALASM20 input 


*We have used AmPALASM20 for illustration purpose only. The trend is towards advanced Compiler-based CAD iiss 


See ''Design Aid Software for Programmable Logic'' section. 
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DESIGN EXAMPLE 


11 1221 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


} foes eoee Sots Gee ceee eee oa ee 





ie deat. sace ais eer eae ea aioe Tl 
Oi ees ele eee eae ee Bees eo eae ID 
11 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
12 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
13 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
14 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXK 
15 XXXX XXXX XXXX XXXX XXXX XXXK XXXX XXXX 


Oo © 
>< 


Gees ete BOS rat eae ee eS 
19 eee ORL eds ee ee, eee Ie) 8 
18 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXKX 
19 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
20 XXXX XXXX XXXX XXXX XXXX XXXX XXXK XXXX 
21 XXXX XXXX XXXX XXXX XXXX XXXX XXXN XXXX 
22 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
23 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 


Di ietin uaa tons aeht ee teess See o, See 
OG wicins eteve Mae Vagie seco mae et a /13*14 
26 XXXX XXXX XXXX XXXX XXXKX XXXX XXXX XXXX 
27 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
28 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
29 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
30 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
3) XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 


Sores wees tlds Bev iee, Mes ese hoe 

BF ete te hee, aoe Ne eee eee es /13*15*16 
Green, Sec ereees eee motos ens 17 

BG ideas, Re ae ae eek ere ae X-X- I8#19 

36 XXXX XXXX XXXX XXXX XXXX XXXX XXXK XXXX 

37 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

38 XXXX XXXX “XXXX XXXX XXXX XXXX XXX XXXX 

39 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 


GOicseecs Bee, Mana de ees cess aes Goes ss 

ON, awe sieee (oe dene ee eee X-X- I8#I9 

bP neo cess New ode Sone eke ARE See / Lak TART 10 
43 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX : 
44 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

45 XXXX XXXX XXXX XXXX XXXX XXXX XXXK XXXX 

46 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

47 XXXX XXXX XXXX XXXX XXXX XXXX XXXK XXXX 


48 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
4G XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
50 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
51 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
52 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
53 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
54 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
55 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 


56 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
57 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
58 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
59 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
60 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
61 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
62 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

63 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 


‘LEGEND: X : FUSE NOT BLOWN (L,N,O) - : FUSE BLOWN  (H,P,1) 


NUMBER OF FUSES BLOWN = 493 
TB000250 


Figure 1-30. AmPALASM20 Output Fuse Map © 
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TESTING PHASE 


Two tests can be performed after the part is programmed. 


First, the PLD programmer can verify that only the links/ ~ 


connections specified in the device map have been pro- 


grammed in the part. Second, the programmed part can be ~ 
tested for correct functionality; the same test vectors used for 
_logic simulation can be used to test that the device generates 


the correct outputs for a given combination of inputs. The test 
vectors in the device map will be in a JEDEC-standard format 
(see Device Map). 


If the device does not function as expected or differs from the 


logic simulation results, then the device is malfunctioning. The 


test phase can be performed on PLD programmers with 
testing capability. 


THE DEVICE MAP 
Fuse-Based and Erasable PLDs 


Fuse-based PLDs have fuses that form the links or connec- | 
tions in the device. Electrically-erasable PLDs or UV-erasable 


PLDs have erasable cell arrays that form the connections. 
Erasable PLDs can be considered as having ‘erasable links” 
in this discussion. 


Fuse-based PLDs are shipped by the manufacturer with all 
fuse links intact. A function is programmed into the part by 
selectively blowing or programming the fuse links that are not 
needed. On the other hand, an erased PLD has no connec- 
tions at all. The designer will have to selectively make 
connections in order to implement a function. These fuses or 
links are specified in a data file called a fuse map or a device 
map. . 


This device map can be expressed in many formats, but one of 
the most common formats is the Joint Electronic Devices 
Engineering Council (JEDEC) standard which is supported by 
most PLD programmers and semiconductor manufacturers. 


The JEDEC Standard (No. 3-A May 1986) 


The standard put forth by the JEDEC committee contains 
many options which are used for transferring data between a 
PLD development system and a PLD programmer/tester. A 
minimum configuration JEDEC-device map file contains at 
least the following fields: F, L, and C. 


This is a sample JEDEC-device map file: 


*FEQ* 

LOO0O 0110 0100 1000 1010* 
LOO32 1000 0000 0000. 0000* 
C0078* 


Figure 1-31. Minimum Configuration Device 
Map File 


The device map file starts with a design-specification field 
which may contain any ASCII character (except ''*'') to 
describe the design. This field is terminated by an ''*". 


The F field specifies the default link state of any unspecified 
fuses in the PLD. In Figure 1-31, "FO" will set all unspecified 
fuses in the PLD to the 0 state (i.e, a low resistance link 
specifying a connection between two points) A ''1" would 
have specified a high-resistance link or no logical connection 
between two points. In fuse-based PLDs, a ''1"’ would have 
instructed the PLD programmer to burn/blow the fuse con- 
necting two points. The programmer will leave the fuse 
connected when a ''0" is received. 


The L field specifies the address of the fuse link that is to be. 


programmed. A sequence of binary numbers follows which 
specifies the fuse states of the fuses starting at the address 
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specified by the L field. Referring to Figure 1-31, the first fuse 
to be programmed is at location ''0000"' decimal and the fuse 
state is "0". 


The binary digits following the first 0" refer to the fuses 
following the fuse at location 0. When an ''*" is detected, the 
fuse link information field terminates unless another Loox is 


specified. In Figure 1-31, sixteen fuse states are transmitted 


beginning at fuse location 0. More fuse information will be 
transferred to the PLD programmer, but will now start at fuse 


location 32 decimal because of the new L field L0032. 


The C field specifies. the fuse checksum that is used by the 
PLD programmer to detect transmitting and receiving errors. 
This checksum is for all the fuses in the PLD, not only for the 
fuses specified in the’ file. The fuse checksum is a 4-digit 
hexadecimal value representing the unsigned 16-bit sum of 8- 
bit bytes formed with the fuse states. The 8-bit bytes are 
formed as follows: 


word 0 msb isb 
7/;6]5 4] 4 2/;1]0 
7leoelsl4a4t3atl2!t1101 fuse # 
word 1 msb Isb 
73;6';5;,4/3/]2 4,110 
15114113112111110!191 8 fuse # 
- word 4 msb | Isb 
| 7 | 6;,5|413 2 1 | 0 
39 | 38 | 371 36135!34133132! fuse # 
word 12 msb . isb 
71/6/5/4/3];]2])1 4,0 
x 1lxIx 99!98197/196! fuse # 


8-bit bytes formed for a PLD with 100 fuses 


Unused bits in the last byte are filled with ''Os''. For the fuse 
map example, the fuse checksum is calculated as follows: 


Word 0 
Word 8 
Word 16 
Word 24 
Word 32 
Word 40 


0010 0110 
0101 0001 
0000 0000 
0000 0000 
0000 0001 
0000 0000 


0000 0000 
0111 1000 


Word 96 


Total 0078H 


> 


A PLD data sheet will usually show the JEDEC fuse numbers 
for every fuse link in the device. PLD CAD packages usually 
have a JEDEC fuse-map generator which relieves the design- 
er from having to individually program the fuses in a PLD to 
implement a logic circuit. 


TESTING THE PLD 


lf the PLD programmer has functional testing capability, test 
vectors can be inserted into the fuse map file. These test 
vectors begin with a "'V'' and a decimal vector number 
followed by a sequence of characters symbolizing the inputs 
and expected outputs to every pin on the device. Each vector 
is terminated by an ''*"’. For example, the AmPAL22V10 has 
twenty-four pins. If the signals A,B, and C are assigned to pins 
1, 2, and 23, then the following test vectors can be used to 
check that a two-input XOR function programmed into the 
AmPAL22V10 is functioning properly. 


X0* 
VO01 
V02 
V03 
V04 


OOXXXXXXXXXNXXXXXXXXXXLN * 
01 XXXXXXXXXNXXXXXXKXXXXKXHN* 
1OXXXXXXXXXNXXXXXXXXXXHN* 
11 XXXXXXXXXNXXXXXXXXXXLN* 


pin 1 
pin 2 


pin 23 


The X field defines the don't care condition in the test vectors. 
The N field represents power pins and pins that are not tested. 
In this case the two Ns in the four vectors represent the Voc 
and ground pins. 


There are many test-vector specification options available, but 
this is the minimum configuration for including test vectors in a 
fuse map file. This test-vector file is normally appended to the 
end of the fuse-map file to improve readability and documenta- 
tion, but it can actually be placed anywhere in the fuse-map 
file if the test engineer so desires. These vectors were 
manually generated, but some CAD packages support auto- 
matic test vector generation. 


PLD PROGRAMMER TRANSMISSION 
PROTOCOL 


The data transfer protocol used to transfer the fuse map to a 
PLD programmer is simple. The transmission consists of the 
start-of-text (STX) character, the fuse-map information (fuse- 
link states, test-vector information, and fuse checksum), the 
end-of-text (ETX) character, and the transmission checksum. 
The transmission checksum is the unsigned 16-bit sum 
(modulo 65,535) of all the ASCII characters transmitted 
between and including the STX and ETX. 


XA XB XC XD XOR_Y (XA,XB,XC,XD) 
0 0 0 0 0 
000 1 1 
0 01 0 1 
001 1 0 
0 1 0 0 1 
o 10 1 0 
0 1 1 #0 0 
oO 11 41 1 
10 0 0 1 
100 1 0 
10 1 0 0 
101 1 1 
1 1 0 0 0 
1 70 1 1 
1 1 1 «0 1 
1141 1 0 


Figure 1-32.a. 4-Bit XOR Truth Table and 
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Some computer operating systems do not allow users to 
control what characters are sent. If this is the case with your 
PLD development system, then the transmission checksum 
must be disabled by always sending the dummy value "0000". 
Any PLD programmer complying with this JEDEC standard will 
always accept this as a valid transmission checksum. 


DESIGN EXAMPLES 


We will illustrate the design examples of two combinatorial 
functions and two sequential functions using PAL devices. For 
the combinatorial examples we will show the implementation 
of a 4-bit ''exclusive-OR generator'’ and an 8:1 MUX in a PAL 
device. Instead of using standard SSI/MSI devices, both 
functions can be performed in the same PAL device. 


Identify Device Requirements 


The 4-bit XOR requires four inputs and one output pin; the 8:1 
MUX requires eight data lines, three select lines, and one MUX 
output. The PLD selected must therefore have at least fifteen 
inputs and two outputs. In this example, we are also assuming 
active-HIGH outputs. The AmMPAL18P8 fits all the I/O require- 
ments. However, the number of product terms (PTs) can only 
be determined from the function table. 


Figures 1-32.a and 1-32.b show the truth tables for both these 
functions. Figure 1-32.c shows logic diagrams for both 4-input 
XOR and 8:1 MUX functions. The XOR and MUX functions can 
be described in a high-level language-type syntax (Figure 
1-33) directly from these truth tables. (For detailed discussion 
of PLPL syntax, see ''Design-Aid Software for Programmable 
Logic'’ section). 


XOR_Y (XA,XB,XC,XD) = /XA*/XB«/XC* XD 


+ /XA«/XB* XC«*/XD 
+ /XA* XB«/XC*#/XD 
+ /XA* XB« XC«* XD 
XA*/XB«/XC«/XD 
XA*/XBx XC* XD 
XA+ XB*/XC* XD 
XA+ XB« XC*/XD 


+ 


+++ 


Logic Equations 





S2 S1 SO D7 D6 DS D4 D3 D2 D1 DO MUX_Y 
0 0 ) 
0 


x xX xX xX X xX X a oe hae | ) 
Bie as ee MUX. Y =/S2«/S1*/SO0« | 
x x x DI oo po 
Hee Lies /S2+*/S1* SO« D1 
yy DS x » | /S2* S1*/SO* D2 
- DA /S2« S1* SO* D3 
ve | S2+*/S1+*/SO* D4 
a . - S2*/S1* SO* D5 
xX KY KX fo S2+°S1+/S0+ D6 


Oo 
— xX xX KKK x 


0 
1 
0 
1 
0 
1 
0 
1 


Figure 1-32.b. 8:1 MUX Truth Table and Logic Equations | 


Based on the function table, we see that the XOR and MUX has eight PTs per output, and hence satisfies all the 1/O and 
functions require eight PTs each. Figure 1-32.c shows the PT requirements. 
logic diagram for both of these functions. The AmPAL18P8 . 





| XA XORY = /XA * /XB * /XC * XD + 
pr hy) IXA * /XB * /XG * /XD + /S2 
xe IXA * XB * /XG * /XD + Ist oe 
XA * /XB * /XC * /XD + } = 
| /XA * XB * XC «XD + | 
XA _ XA * /XB * XC * XD + 
fers - XA*XB*/XC*XD+ — gp 
XD XA * XB * XC * /XD 1S! fe 
rt) 
. 1 — 
XA 
X . 
xe —) ise 
/XD /S0 >» 
D2 
8 
econ ie 
XD ; a 
XORY So 
D3 
XA ) ) MUXY 
XB 
Po apace A s2 
/S1 
XD /SO 
D4 
XA 
XB 
as a 
/XD So 
D5 
XB 
jase s2 
pond MUXY = /S2 + /S1 * /SO » DO + po i) 
/S2«/Si*SO0* Di+ oo 
/S2*Si* /SO* D2+ 
XA /S2 * Si * S0* D9 4+ 
oa ) $2 * /Si* /SO* D4 + $2 
xD S2 + /S1* SO * D5 + st! - 
S2.* S1 * /SO * D6 + D7 


S2 * S1 * SO * D7 
LD000520 


Figure 1-32.c. Logic Diagrams for a 4-Input XOR and 8:1 MUX 


1-34 


"test vectors to be used for simulation" 


IN S2 S1 SO XA XB XC XD D7 D6 DS D4 D3 D2 D1 DO 


TEST VECTORS 
OUT XOR_Y MUX_Y 


DEVICE XORMUX (AMPAL18P8) » 


e 
’ a 


"This logic description file written in PLPL defines 


. 
& 


an AmPAL18P8 performing a 4-bit EXOR and an 8:1 


multiplexing function" 


BEGIN 


put test" 
"S2 $1 SO XA XB XC XD D7 D6 D5 D4 D3 D2 D1 DO 


“"XOR_Y out 


Y MUX_Y" 


x; 


| xOR 


XB = 2 XC =3 XD = 11 


PIN XA = 1 


L 
H 
H 
L 
H 
L 
L 


Xx X X 00 00x X X X X X X X 


04 = 8 DS = 9 D6 = 13 D7 = 14 


D1 =5 D2=6 D3 =7 


00 = 4 


1x X X X X X X X X; 


Xx X X 0 0 0 


x X X 0 0 


$1 = 16 S2 = 17 


sO = 15 


X; 


0 x X X X X X X X 


1 


00x xX X X X xX X X 


1 
0 
1 
1 


. 
’ 


— 


MUX_Y = 18 XOR_Y = 19 


X; 


Xx X X X X X X X 


Xx xX X 0 0 1 


X; 


1 
1 
1 
1 


Xx X X O 


XOR Y = XA XOR XB XOR XC XOR XD 


BEGIN 


X; 


Xx X X 0 1x X X X X X X X 


Xx X X 0 
X X X 0 


"4-bit EXOR function" 


° 
4 


CASE (S2,$1,S0) 


X; 
H Xx 


H 


Oo xX XxX X X X X X X 


1 


000x X X X X X X X 


0 0 
0 
0 


° 
g 


X; 


Xx X X KX X X X X 


BEGIN 


1 


Xx X X 
Xx X X 1 


0) MUX_Y 


= 00; "if select lines are all 0, then select DO" 


1) MUX_Y = D1 


LX; 
L xX 
H xX 
L xX 
H X 


Xx X X X X X X X 


1 


° 
a 


2) MUX_Y = D2 


e 
a 


Ox X X X X X X X 


1 


1 1 
1 
100%xX X X X X X xX X 


Xx X X 
X X X JI 


. 
a 


3) MUX_Y = D3 


. 
s 


Xx X X X X X X X 


2 
# 


4) MUX_Y = D4 


. 
a 


1 
1 


xX X X 
X X X 


. 
s 


= D5; 


5) MUX_Y 


a 


XxX X X X K X X X 


1 


0 


1 


' om 
< 
sd 
me 
<< MK 
<M 
=< x 
< 
< 
< x 
< 
oOo «= 
- <— 
- = 
- = 
< XK 
<x 
<x 
oR 
a a 
«vt 
~ » 

1} 
5 x 
= 
“nA 
oOo 
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“MUX_Y out 


“end of CASE statement” 


END; 
END. 


put test" 
000o0xxxXxXx XXX XX XxX xX 0 


000o0x xX xX xX xX xX XXX xX xX 1 


L; 


x 
X 
x 
x 
X 
X 
X 
x 
xX 
X 
x 
xX 
x 
X 
x 
X 


H; 


L; 


Xx xX X X XX X X XK X O X 


1 


6 0%1%X* Xx XxX X X XxX xX xX X X 1 xX 


0 


0 


H; 


L; 


ox x X X xX Xx X X X O X X 


01410%xX XK X X X X XxX xX xX 1X X 


1 


0 


H; 


xX xXxXXXX XOX XX L; 


1 1 
1 1 
00x X X X X X Xx OX X X X 


0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


END. 


H; 


Xx X X 


1 


x KX KX XK X X K X 


L; 


1x X xX X 
oO1%x* X X X X X OX X KX X X 


00x xX X X X XK X 


L; 


Xx X X X X X 1K X XK X X 
10% xX XxX X xX 0 X X X X X X 


1 


0 


L; 


H; 


ox xX X X X 1X X X X X X 


1 


1 
1 
1 


L; 


xX X X X OX X X X X X X 


H; 


1x xX X X xX X X 


1x xX X X 


TB000370 


Figure 1-33. Logic Description File for the XOR and MUX Functions 








Test vectors can be generated (Figure 1-34) from the logic 
description file (Figure 1-33) and sent to a simulator to test the 
logic equations. In this example, the vectors are generated 
from the test vectors specified manually. After simulation 
(Figure 1-35), a device map (Figure 1-36) is generated from 
these equations and the PLD programmed (Figure 1-37) with 
the map. 


The inputs XA, XB, XC, XD, DO through D7, and select lines SO 
through S2 may be assigned to any input or |/O pin as shown 
in the AmMPAL18P8 logic diagram. The outputs XOR__Y and 








MUX Y have been assigned to pins 18 and 19. Since we 


have not specified any Output-Enable product term, PLPL 
assumes that the outputs will always be enabled. In the 
completed device map (Figure 1-37), all the connections for 
the Output- Enable PTs for the two outputs XOR_Y and 
MUX __Y have been disconnected which will always enable 
the outputs. 


The input and output signals can be reassigned to different 
pins on the PLD package to fit your PC board routing 
requirements. . _ 


V0001 OOOXXXXXXNOXXXXXXXLN 
V0002 OOOXXXXXXN1XXXXXXXHN 
VO003 001XXXXXXNOXXXXXXXHN 
V0004 O01XXXXXXN1XXXXXXXLN 
VO00S 010XXXXXXNOXXXXXXXHN 
VO006 O10XXXXXXNIXXXXXXXLN 
VO007. 01 1XXXXXXNOXXXXXXXLN 
VO008 011XXXXXXN1XXXXXXXHN 
0009 100XXXXXXNOXXXXXXXHN 
VOO10 1OOXXXXXXN 1XXXXXXXLN 
V0011 101XXXXXXNOXXXXXXXLN 
VO012 101XXXXXXN1XXXXXXXHN 
VO013 140XXXXXXNOXXXXXXXLN 
0014 110XXXXXXN1XXXXXXXHN 
VOO1S 114XXXXXXNOXXXXXXXHN 
VOO16 11 1XXXXXXNAXXXXXXXLN 
V0017 XXXOXXXXXNXXXXOOOLXN 
V0018 XXX1XXXXXNXXXXOOOHXN 
V0019 XXXXOXXXXNXXXX 1 OOLXN 
V0020 XXXX1XXXXNXXXX 1 OOHXN 
0021 XXXXXOXXXNXXXXO10LXN 
VOO22 XXXXX 1XXXNXXXX010HXN 
VO023 XXXXXXOXXNXXXX1 10LXN 
VO024 XXXXXX IXXNXXXX1 10HXN 
V0025 XXXXXXXOXNXXXX001LXN 
VO026 XXXXXXX1XNXXXX001 HXN 
0027 XXXXXXXXONXXXX101LXN 
VO028 XXXXXXXX INXXXX101HXN 
V0029 XXXXXXXXXNXXOXO1 1LXN 
VOO3O XXXXXXXKXNXX 1X01 1HXN 
VO031 XXXXXXXXXNXXXO1 1 1LXN 
VOO32_ XXXXXXXXXNXXX 111 THXN 


*+ © *£ ¢£ © ¢ © &¢ &€¢ &€& &€& & &€& 8 &€ HS Fe &e SF SF & &€e SB SE S&F He He SFE S&F SF F 


% 
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Figure 1-34. Test Vectors for EXOR and 8:1 MUX PLD Design , 
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Ze-t 


won erwraneer wenn ec aneenecece were eee een eens eeceece 


wer wne ener se new nere ene owner rete ereceweneoseezro woe 


Pin# : 


Computed: 


wwe reer ern n were reer rere reer e ee enweneeer ener ernere 


Pin # 


Computed: 


ee ad 


Pin # : 


Computed: 


Pin# : 
Expected: 
Computed: 


INPUT 

Vit1111 
1234567891234567 
OOOXXXXXXOXXXXXX 


1111111 
1234567891234567 
OOOXXXXXX TXXXXXX 


V114111 
1234567891234567 
00 1XXXXXXOXXXXXX 


1111111 


2 1234567891 234567 


00 1XXXXXX 1XXXXXX 


1111111 
1234567891234567 
O10XXXXXXOXXXXXX 


1111111 


1234567891234567 


010XXXXXX 1XXXXXX 


1111111 
1234567891234567 
01 1XXXXXXOXXXXXX 


=s=> 


OUTPUT 


ed 


Pin# : 


Computed: 


er er ee 


Pin # 


Computed: 


ee i 


ee ee 


Pe ee ee ee ee ey 


INPUT 
VA11111 
1234567891234567 


2 O11XXXXXX 1XXXXXX 


1111111 
1234567891234567 


s 1OOXXXXXXOXXXXXX 


INPUT 
1111111 


2 1234567891234567 
> 1OOXXXXXX IXXXXXX 


1171111 
123456789 1234567 
10 1XXXXXXOXXXXXX 


1111111 
1234567891234567 
10 1XXXXXX 1XXXXXX 


1111111 


2 1234567891234567 
2 110XXXXXXOXXXXXX 


INPUT 
1141111 


2 1234567891234567 
2 TTOXXXXXX IXXXXXX 


===> 


=s=> 


OUTPUT 


INPUT 
1111111 
1234567891234567 


2 11 1XXXXXXOXXXXXX 


OUTPUT 


eee ee 


1111711 


> 1234567891234567 
2 TT1IXXXXXX TXXXXXX 


1111111 


2 1234567891234567 
: XXXOXXXXXXXXX000 


1111111 


: 1234567891234567 


XXX 1XXXXXXXXX000 


ewer rrmeeerr nem ere wreeneenreeceennensteesreenvece 


1111111 


2 1234567891234567 


XXXXOXXXXXXXX 100 


1111111 
1234567891234567 
XXXX TXXKXXXXX 100 


ee mm eee ezr enw ees e ere wren rere eee err ere wseerene 


Pin# = : 
Expected: 
Computed: 


Figure 1-35. Simulation Run for EXOR and MUX PLD Design 


INPUT 

1111111 
1234567891234567 
XXXXXOXXXXXXX010 


TBO00350 





8e-} 


ee dial 


weer eovrwreesrewnewrereanevewwnvenwrwnsesrer ese ee 


www eowtren were eweseenrerensreeeneetaeernecewerweneee 


weeesrenwrnsrwaecerenwe ers ewneenseeoreeonszeecer eee 


werner ecner transac enawreanseseeroenevracrwtanewanwrne 


INPUT 

VV 
1234567891234567 
XXXXX1XXXXXXXO10 ===> 


1141111 
1234567891234567 _ 
XXXXXXOXXXXXX110 ===> 


49991114 
1234567891234567 
XXXXKKIXXXKXNI10 ===> 


49419111 
1234567891234567 
XXXXXXXOXXXXX001 === 


14111111 
1234567891234567 
XXXXXXX1XXXXXOO1 ===> 


1111111 
1234567891234567 
YXXXKXXXOXXXX101 ===> 


41111111 
1234567891234567 — 


> XXXXXXXX1XXXX101 ===> 


OUTPUT 


v0029 INPUT OUTPUT 


1111111 1 
Pin # = 1234567891234567. 89 
Expected: XXXXXXXXXXX0X011 ===> LX 
‘ Computed: LL 
v0030 INPUT . QUTPUT 
1111111 
Pin # : 1234567891234567 89 
Expected: XXXXXXXXXXX1X011 ===> HX 
Computed: HL 
v0031 INPUT OUTPUT 
4111111 1 
Pin # + 1234567891234567 89 
Expected: XXXXXXXXKXXXO111 ===> LX 
Computed: LL 
v0032 INPUT OUTPUT 
1111111 1 
Pin # : 1234567891234567 89 
Expected: XXXXXXXXXKKXI111 ===> HX 
Computed: : HL 


ee ee ee ee ee ee ee ee eee ee) 


Simulation completed, Errors detected = 0 


Figure 1-35. (Cont'd.) 


Listing sum-of-products equations for XORMUX 


XOR_Y 


MUX_Y 


= /XA*XB*/XD*/XC © 


+ /XA*XB*XD*XC 
+ /XA*/XB*XD*/XC 
+ /XA*®/XB*/XD*XC 
+ XA*/XB*/XD*/XC 
XA*®/XB*XD*XC 
XA*XB*XD*/XC 
XA*XB*/XD*XC; 


+ + + 


/S2*/S1*/S0*DO 
+ /S2*/S1*S0*D1 
+ /S2*S1*/S0*D2 
/S2*S1*S0*D3 
$2*/S1*/SO0*D4 
$2*/$1*S0*D5 
S2*S1*/SO*D6 
$2*S1*S0*D7; 


+ it 


+ + + + 
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6E-1 


Title: XORMUX 

Part Type: PAL18P8* 
DEVICE: PAL18P8* 
MFG: AMD* 


FO* 
L0000 
10036 
10072 
LO108 
LO144 
L0180 
L0216 
10252 
L0288 
L0324 
L0360 
L0396 
10432 
L0468 
L0504 
L0540 
L0576 
L0612 
LO648 
LO684 
L0720 
L0756 
LO792 
L0828 
L0864 
L0900 
L0936 
L0972 
11008 


L1044 


L1080 
£1116 
£1152 
L1188 
1224 


1944-1944-1999-9999«91994-1994 «1997-1911 1111 
1010 10114 1141 11114 1114 1441 1111 1101 1111 
1010. 0111 1144 1111 1114.1114 1144 1110 1111* 
0110 1011 1111 1114 1141 1944 1111 1910 1111* 
0110 0111 1144.1194 1991 11114 1911 1101 1111 
1001 1011 1141 1111 1111 1111 1141 1140 1411* 
1001 0144 1411 1111 1114-1144 «1444 1101 11411* 
0101 1011 1441 1141 1441 1144 1441 1101 1114* 
0101 0141 1911 1944 1441 1914 1441 1110 1111* 
144419441449 -1999-99919-1994-1994«-1991-1919* 
4111 1111 0110 1110 1110 1114 1144 1111 1111* 
4114 1114 1110 0110 1101 1114 1144 1494 1111 
4114 1111 1110 1101 0110 1111 1114 1144 1111* 
1111. 1411 1140 1101 11010141 1114 1141 1114 
1114 11411 1104 1410 1110 1111 0111 1144 1111* 
1441. 1141 1101 1440 1101 1144 4111 0144 1111* 
4141 1411 1101 1101 1110 1111 1101 1144 1111* 


1111 1111 1101 1101 1101 1107 1111-1111 1111* °° 


0000 0000 0000 0000 0000 0000 0000 0000 0000* 


0000 0000 0000 0000 0000 0000 0000 0000 0000* 


0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 


0000 0000 6000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000*. 


0000 0000 0000 0000 0000 0000 0000 0000 00C0* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 6000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 6000 0000 0000 0000* 


11260 
L1296 
L1332 
L1368 
L1404 
11440 
L1476 
11512 
L1548 
L1584 
L1620 
L1656 
L1692 
L1728 
L1764 
L1800 
L1836 
L1872 
L1908 
11944 
L1980 
L2016 
L2052 
L2088 
L2124 
L2160 
£2196 
L2232 
L2268 
L2304 
12340 
L2376 
L2412 
L2448 
L24864 | 
L2520 
L2556 


_ £2592 


C4876* 
B97A 


0000 0000 0000 0000 0000 0000 c800 0000 o000* 
0000 0000 0000 0000 0000 0000 0000 0000 c000* 
0000 6000 0000 6000 6000 0000 cece 0000 oCCO* 
0000 0000 0000 0000 0000 0000 ott 0000 0000* 
0000 0000 0000 0000 0000 0000 C000 0000 0000* 
0000 0000 0000 0000 6000 0000 G000 0000 oe0o* 
0000 0000 0000 0000 6000 0000 6000 0000 OC0O* 
0000 0000 0000 6000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0600 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 6000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 6000 0000 0000 0000 0000 OG00* 
0000 6000 0000 0000 0000 0000 C000 0000 ot0D* 
0000 0000 0000 0000 0000 0000 0000 0000 00co* 
0000 0000 0000 0000 0000 0000 0000 C000 0000* 
0000 0000 0000 0000 0000 0000 C000 0000 c000* 
0000 0000 6000 0000 0000 0000 6000 0000 0000* 
0000 0000 0000 0000 6000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 6000 0000 0000 0000 C000 0000* 
0000 0000 0000 0000 6000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 6000 0000 0000 0000 0000 0000 0000 c0c0* 
0000 0000 0000 0000 0000.0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 occo* 
0000 0000 0000 6000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 6000 0000 0000 0000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 6000 0000 0000 0000 6000 0000* 
0000 0000 0000 0000 0000 0000 0000 0000 0000* 
0000 0000 0000 0000 6000 0000 0000 0000: 0000* 
11000000* 


TBO000380 


Figure 1-36. Device/Fuse Map for EXOR and MUX PLD Design 





PRODUCT TERMS (0-71) 


XA 


xc 


1 


D2 


D4 


SREERIBSs sy te wvecruens Vf 


genees ee st 


ses2ssesety7 


BSSserKse ey SKESESENE BY 


seecese XG 


~~ 
= 


INPUTS (0-35) 


©1123 465867 AOHWH 1293915 1697167 320292223 2252827 «28292031 32:39 3635 





19 XOR 
18 MUX-Y 
17 $2 
WES eee ee guaeae 5 8 GN OD RS Oe SB 
S202 a eee CREE OU OAR EN SAS HS GE ES Ss Nee 
16 «St 
15 $0 
14 «D7 
13° D6 
12 
iia —— 
imam i a iy i — 
Is 2 eee < ——11 XD 
o1+123 4667 ao2wn 12 13 04 16 wen 20 202223036 26.26 27 20 29 30 31 32 33 4 38 
LD000042 
Eighteen Array Inputs Eight 8-Wide AND-OR Structures 
- 10 dedicated - Combinatorial outputs . 
- 8 bidirectional !1/O_ - Programmable output enable for each output 


- Programmable polarity on each output 


Figure 1-37. AmPAL18P8 Programmed with EXOR and MUX Design 
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SEQUENTIAL DESIGN EXAMPLE 
CURRENT NEXT 





Next we will show implementation of a 4-bit binary up-counter STATE STATE 
and a decade counter in a single PAL device. 0000 0001 
0001 0010 

0010 0011 

Design of a Synchronous Binary Counter Oe 4 64°00 
Counters are one of the simplest types of sequential networks. : : : : ; ; 
A synchronous counter is usually built from a number of flip- 0110 0414 
flops which change state in a prescribed sequence when input 01414 1000 
pulses are received. The operation of the flip-flops is synchro- 4000 1001 
nized to a common input pulse (a common clock). 1001 1010 
1010 1011 

Synchronous counters are used for state sequencing, delay 1011 1100 
timing and event counting. The key to designing a counter is 4100 1101 
knowing when a bit should be toggled. For an up-counter, a bit 1101 1110 
is toggled whenever every bit of lesser significance is ''1'' (see 1110 1114 
the counting sequence of Figure 1-38). 11141 0000 


Conversely, for a down-counter, a bit is toggled whenever 

every bit of lesser significance is ''0''. In both cases, the LSB Figure 1-38. Counting Sequence 
is always toggled. By ANDing all bits of lesser significance 

along with the complement of the current data in the register, 

the problem of when this bit is to be toggled is solved. /Q0 


However, to complete the design, the bit must remain un- /Q1 
changed under ail other conditions. This can be accomplished /Q2 / TOGGLE 
by ORing the complements of the lesser significant bits Gi 
together and then ANDing the result with the current data in ce 
the register (Figure 1-39). The equation in Figure 1-39 can be /TOGGLE = Qie(/Q0 + /Q1 + /Q2 +...+ /Qi-1) 
changed into the SOP form (Figure 1-40) for direct implemen- LD000500 
tation in a PAL device. Thus, if a bit is to be toggled, the 
complement of the current data will be clocked in; if not, the Figure 1-39. Logic for Not Toggling Bit | 
data remains unchanged by clocking in the current data. 
A 4-bit binary up-counter example illustrates this approach. /Q0 
We will build this 4-bit binary counter using D flip-flops. The o 
state of the counter is determined by the state of the individual /O1 
flip-flops. For example, if flip-flop A is in state 0, B in state 1, C Qi 
in state 1 and D in state 0, the state of the counter is 0110. ! / TOGGLE 
Initially all the flip-flops are set to the zero state. When a clock /Q2 
pulse is received, the counter will change to state 0001; when Ql 
a second clock pulse is received, the state will change to . 
0010, etc. The state-counting sequence is shown in Figure e 
1-38 /Qi-4 
, Qi 
Figure 1-41 shows the state diagram for a 4-bit binary up- /TOGGLE = /Q0 edi + /Q1@Gi + /Q2@Qi + ... + /Qi-1@Qi 
counter. Typical counter functions are loading data, counting, LD000510 
and "holding'’ data. The function table is shown in Figure 1-42 
and the logic diagram in Figure 1-43. Figure 1-40. Equivalent Form of Figure 1-39 
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Figure 1-42. Function Table for 4-Bit Binary Up-Counter 
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Figure 1-43. 4-Bit Binary Up-Counter 








expanding the function table to incorporate the additional bits. 


~ Expanding the number of bits in the counter is done by 





Karnaugh maps, although not essential, can be used to find | 


the required equations in SOP form for a PAL-device imple- 
mentation. In general, besides any fixed overhead for control 
functions (CLEAR, LOAD, and HOLD in this example) bit n will 
require additional n product terms. Therefore, if this example 
4-bit counter is to be expanded to 5 bits, the fifth bit will require 
five product terms plus three additional product terms for 
clearing, loading, and counting (see Figure 1-44). Note that the 
original 4-bit block is unaffected by the addition of the fifth bit. 
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This basic counter is easily expandable to perform more 


complex functions. 


A high-level language design specification for the 4-bit binary 
counter is shown in Figure 1-45. Corresponding test vectors 
are shown in Figure 1-46 and are used as inputs by the 
simulator to test the logic equations. Figure 1-47 shows the 
PLPL Optimizer's output; Figure 1-48, the equations list; Figure 

1-49, the simulation run; Figure 1-50, the device map; and 
Figure 1-51, the implementation of this function in an Am- 
PAL16R8 device (Note that Figures 1-46 through 1-51 also 


_ implement a decade-counter function, the description for 









which follows). 


Figure 1-44. 5-Bit Binary Up-Counter 
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IF 
IF 
IF 
IF 
IF 
IF 
IF 


IF 





PIN CLK = 1 
/BIN(3:0] = 19,18,17,16 
/0C0 (3:0) = 15,14,13,12; 


END; 


DEVICE BIN _DCD_CNTR (AMPAL16R8) 
“An AMPAL16R8& programmed as a dual base counter: binary and decimal" 
SO = 3 D{3:0} = 5,6,7,8 "data" 
"binary counter active LOW' 
“decimal counter active LOW" 


S1=2 


(3:0) := D0CD[3:0]; 


1*S0) THEN "count" 


BEGIN 


(/DCD [3] */DCD [2] */DCD [1] */DCD [0} ) 
(/DCD [3] */DCD [2] */DCD [1]* DCD {0} ) 
(/DCD [3] */DCD [2] * DCD {1} */DCD [0] ) 
(/OCD (3) */DCD [2]* DCDL1]* DCD {0} ) 
(/OCD [3]* DCD {2} */DCD [1] */DCD £0} ) 
(/OCD (3)* DCD[2}*/DCD{1]* DCD LO} ) 
(/OCD [3}* DCD{2}* DCD £1) */DCD (0) ) 
(/OCD [3]* DCDI2]* DCDI1}* DCD {0} ) 
( DCD £3] */DCD [2} */DCD [1] */DCD £0} ) 
( DCD [3] */DCD (21 */DCD [1}]* DCD {0} ) 
( DCD [3] */DCD [2]* DCD [1] */DCD [01 ) 
( DCD (3]*/DCD[21* DCDI1]* DCD [0] ) 
( DCD{3}* DCD [2] */DCD [1] */DCD [03 ) 
¢ DCD [3]* DCD {2} */DCD £1}]* DCD {0} ) 
( DCD [3]* DCD{2]* DCD [1]*/DCD [0] ) 
( DCD(3]* DCDI2]* DCDL1}* DCD IO} ) 


(/BIN(3]*/BIN[2] */BIN [1] */BIN [0] ) 


Figure 1-45. Logic Description 


BEGIN 
IF (/S1*/SO) THEN “clear” 
BEGIN 
BIN{3:0] := 0; “output is active LOW" 
DCD [3:0] := 0; 
END; 
IF (/S1*SO) THEN “load* 
BEGIN 
BIN(3:0) := D[3:0]; 
0CD(3:0) := D0(3:0); 
END; 
IF (S1*/SO) THEN “hold" 
BEGIN 
BIN(3:0] := BIN(3:0];° “hold BIN. and DCD 


THEN 
THEN 


THEN - 


THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 


THEN 


File 


active LOW" 


DCO (3:0) 
DCO [3:0] 
DCD (3:0) 
DCO [3:0] 
DCD [3:0] 
DCD [3:0] 
DCD [3:0] 
DCD (3:0) 
DCO (3:0) 
DCD [3:0] 
DCD (3:0) 


DCD (3:0) : 


DCD (3:0) 


DCD [3:0] : 
DCD{3:0] : 
DCD [3:0] : 


BIN[3:0] : 


for the 


4-Bit Binary Counter and a Decade Counter, Written in PLPL Format 


IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF ¢ 
IF ¢ 
IF ¢ 
IF ¢ 
IF ¢ 
IF ¢ 

¢ 

¢ 


(/BIN (3) */BIN(2]*/BIN[1]* BIN{[0] ) 
(/BIN[3}*/BIN(2]* BIN[1]*/BIN [0] ) 
(/BIN(3]*/BIN[2]* BIN(1]* BIN[0]) 
(/BIN[3]* BIN{2]*/BIN[1]*/BIN [0] ) 
(/BIN(3]* BIN([2]*/BIN(1]* BIN [0] ) 
(/BIN(3]* BIN(2]* BIN{1]*/BIN [0] ) 
(/BIN[3}* BIN(2]* BIN{1]* BIN[0]) 


THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 


BIN(3]*/BIN(2)*/BIN([1]*/BIN(O}) THEN 


BIN(3]*/BIN{(2]*/BIN[1]* BIN[0] > 


THEN 


BIN(3)*/BIN(2]* BIN(1}*/BIN[0]) THEN 
BIN(3]*/BIN{2]* BIN(1]* BIN[O]) THEN 
BIN(3]* BIN(2]*/BIN(1]*/BIN(O]) THEN 
BIN(3]* BIN(2]*/BIN(1}* BIN{0]) THEN 


THEN 


IF ¢ BIN(3])* BIN(2]* BIN[1] */BIN (OJ ) 
IF ( BIN(3]* BIN(2]* BIN(1]* BIN([0]) THEN 
END; 

END. 


TEST_VECTORS 
IN CLK,S1,S0,0[3:0]; 


10 8IN(3:0} ,DCD(3:0); 


"clear, start count from 0¥ 


BIN [3:03 
BIN[3:0] 
BIN (3:0) 
BIN[3:0] 


BIN[3:0] : 
BIN[3:0] : 
BIN[3:0] : 
BIN[3:0] : 
BIN[3:0] : 


BIN[3:0] 
BIN(3:0] 
BIN{3:0] 
BIN{3:0] 
BIN[3:0] 
BIN{3:0] 


BEGIN 

“CLK S1 SO DATA | BIN{3:0] DCD[3:0)" 
Cc 0 10110 LHHL LHHL ; “load 
Cc 74 O 1117 LHHL LHHL ; “hold 
Cc 0 00110 LLLL LLLL ; 
Cc 1 10110 LLLH LLLH ; "count! 
Cc 1 10110 LLHL LLHL =; “count® 
Cc 1 1.0110 LLHH LLHH ; "count 
c 1 10110 LHLL LHLL ; “count 
Cc 1 10110 LHLH LHLH = "count®: 
Cc 1 10110 LHHL LHHL ; “count 
Cc 1 10110 LHHH LHHH ; "count" 
Cc 1 10110 HLLL HLLL ; “count 
Cc 1 10110 HLLH HLLH ; "count 
Cc 1 10110 HLHL LLLL ; count" 
Cc 1 10110 HLHH LLLH ; “count” 
Cc 1 10110 HHLL LLHL ; "count" 
Cc 1 10110 HHLH LLHH ; "count" 
Cc 1 10110 HHHL LHLL ; "count" 
Cc 1 10110 HHHH LHLH ; "count" 
Cc 1 10110 LLLL LHHL ; "count" 

END 







15; 
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V0001 CO1X0110XNXHLLHHLLHN 
VOO02 C10X1111XNXHLLHHLLHN 
V0003 COOX0110XNXHHHHHHHHN 
VO004 €11X0110XNXLHHHLHHHN 
VO005 C11X0110XNXHLHHHLHHN 
VO006 €11X0110XNXLLHHLLHHN 
VO007 €11X0140XNXHHLHRHLHN 
VO008 €11X0110XNXLHLHLHLHN 
VOO09 €11X0110XNXHLLHHLLHN 
VO010 €11X0110XNXLLLHLLLHN 
V0011 C11X0110XNXHHHLHHHLN 
V0012 €11X0110XNXLHHLLHHLN 
0013 C11X0110XNXHHHHHLHLN 
V0014 €11X0110XNXLHHHLLHLN 
V0015 C11X0110XNXHLHHHHLLN © 
0016 €11X0110XNXLLHHLHLLN 
VO017 C11X0110XNXHHLHHLLLN 
V0018 11X01 10XNXLHLHLLLLN 
V0019. 11X01 10XNXHLLHHHHHN 
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Figure 1-46. Test Vectors Specification for 4-Bit Binary Counter and the Decade 


Counter 
BIN DCD CNTR | 14 = 2*/14*15*13 + 
PAL16R8 | Sa oe 2*/14*15412. + 
CLK 1 INPUT oe [2*3*6 + 
$1 2 INPUT | , 2*/3*/14 + 
SO 3. INPUT . 2*3*14*15*/13*/12 ; 
D(3) 5 INPUT 43 = 2%/13*15*12 + 
D2] 6 INPUT . 2*3*43*15*/12 + 
D{1] 7 INPUT . [2*3*7 + 
DIO] 8 INPUT | 2*/3*/13 ; 
/DCD{O] 12 OUTPUT REGISTERED INVERTED 12 = 2*3*12*15 + 
-{DCDL1] 13 OUTPUT REGISTERED INVERTED 2*3*12*14413 + 
/OCD{2) 14 OUTPUT REGISTERED INVERTED /2*3*8 + 
/OCD(3] 15 OUTPUT REGISTERED INVERTED 2*/3*/12 ; 


/BIN(O] 16 OUTPUT REGISTERED INVERTED 
/GIN[1} 17 OUTPUT REGISTERED INVERTED 
/BIN(2] 18 OUTPUT REGISTERED INVERTED 
/BIN[3]. 19 OUTPUT REGISTERED INVERTED 
* 
19 = 2*/19*18 + 
2*/19*17 + 
2*/1916 + 
/2*3*5 + 
2*/3*/19 + 
2*3*19%/18*/17*/16 | 
18 = 2*/18*17 + | 
24/1816 + 
2*3*18*/17*/16 +. 
/2*3*6 + ; 
| 2*/3*/18 
17 = 2°/17816 + 
2*3*174/16 + 
/2*3*7 + 
2*/3*/17 ; 
203416 + 
 /2*3*B + 
2*/3*/16 ; 
2*/15*14*13*12 + 
/2*3*5 + 
2e/3*/15 + 
2*3*15*/14*/13*/12 ; 


16 


15 
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Figure 1-47. PLPL Optimizer Output tor the 4-Bit Binary Counter and the 
Decade Counter — 
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Listing sum-of-products equations for BIN DCD CNTR 


BIN(3] := $1*BIN(3)*/BIN[2] 
S1*BIN(3)*/BIN(1) 
S1*BIN [3] */BIN [0] 

/S1*S0*D [3] 

S1*/SO*BIN [3] 
S1*SO*/BIN [3] *BIN(2] *BIN[1] *BIN [0] ; 
BIN(2] := S1*BIN(2]*/BIN[1) 
S1*BIN [2] */BIN(0] 
S1*SO*/BIN [2] *BIN [1] *BIN [0] 
/S1*SO*D [2] 

$1*/SO*BIN [2]; 

S1*BIN(1] */BIN [0] 
$1*S0*/BIN(1}] *BIN {0} 

/S1*S0*D [1] 

S1*/SO*BIN[1]; 

S1*S0*/BIN [0] 

/S1*S0*D [0} 

S1*/SO*BIN [0]; 

S1*DCD [3} */DCD [2] */DCD [1} */DCD [0} 
/S1*S0*D [3] 

S1*/SO*DCD (3) 
$1*S0*/DCD [3] *DCD [2] *DCD [1] *DCD (0) ; 
S1*DCD [2] */DCD [3] */DCD [1] 

S1*DCD (2) */DCD [3] */DCD (0) 
/S1*SO*D [2] 

S1*/SO*DCD [2] 
S1*SO*/DCD [2] */DCD [3] *DCD [1] *DCD [0] ; 
S1*DCD [1] */DCD [3] */DCD (0) 
$1*S0*/DCD [1] */DCD [3] *DCD (0) 
/S1*S0*D [1] 

S1*/SO*DCD [1]; 
S1*S0*/DCD [0] */DCD [3] 
$1*S0*/DCD [0] */DCD [2] */DCD [1] 
/S1*SO*D [0] 

$1*/SO*DCD [0]; 





+ + + + + 


+ + + + 


BIN{1) 


+ + + 


BIN [0] 


+ + ti 


DCO{3] : 


+ + + 


DCD [2] 


+ + + + 


DCO [1] 


+ + + 


DCD [0)} 


+ + + 
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Figure 1-48. PLPL Listing of Equations for the 4-Bit Binary Counter and the 
Decade Counter 


ey" 


vo001 INPUT OUTPUT vo008 INPUT OUTPUT v0015 INPUT OUTPUT 


1 11111111 : 1 11111111 1 11111111 
Pin # =: 1234567891 —«- 23456789 Pin # =: 1234567891 23456789 Pin # : 1234567891 23456789 
Expected: CO1X0110XX ===> HLLHHLLH Expected: C11X0110XX ===> LHLHLHLH Expected: C11X0110XX ===> HLHHHHLL 
Computed: HLLHHLLH Computed: ; LHLHLHLH Computed: HLHHHHLL 
voo02 INPUT _ OUTPUT vo0009 INPUT OUTPUT i v0016 INPUT OUTPUT 
1 11191111 1 41194111 1 11191111 
Pin # : 1234567891 23456789 Pin # .: 1234567891 23456789 Pin # =: 1234567891 23456789 
Expected: C10X1111XX ===> HLLHHLLH Expected: C11X0110XX ===> HLLHHLLH Expected: C11X0110XX ===> LLHHLHLL 
Computed: HLLHHLLH | Computed: HULHHLLH Computed: - LLHHLHLL 
v0003 INPUT OUTPUT v0010 INPUT OUTPUT v0017. «5s INPUT OUTPUT 
1 11111111 1 11191111 1 11119911 
Pin # : 1234567891 23456789 Pin # : 1234567891 «23456789 - Pin #  : 1234567891 23456789 
. Expected: COOX0110XX ===> HHHHHHHH Expected: C11X0110XX ===> LLLHLLLH Expected: C11X0110XX ===> HHLHHLLL 
Computed: . HHHHHHHH Computed: - LELHLLLA Computed: -  WHLHALLE 
v0004 INPUT OUTPUT -  -y0011 INPUT OUTPUT - 0018 INPUT ==—s——s OUTPUT 
4 11141111 4 11111114 1. * 99999994 
“Pin # ©: 1234567891 23456789 Pin # =: 1234567891 23456789 Pin # 1234567891 —-s- 23456789 
Expected: C11X0110XX ===> LHHHLHHH - Expected: C11X0110XX ===> HHHLHHHL Expected: C11X0110XX ===> LHLHLELL 
Computed: LHHHLHHH Computed: . HHHLHHHL Computed: LHLHLELL 
voooS —ss: INPUT OUTPUT vO012 so INPUT OUTPUT | v0019 INPUT - OUTPUT 
1 94104914 1 W411 1 11191114 
Pin # =: 1234567891 23456789 Do Pin # : 1234567891 23456789 ' Pin # =: 1234567891 23456789 
Expected: C11X0110XX ===> HLHHHLHH | Expected: C11X0110XX ===> LHHLLHHL Expected: C11X0110XX ===> HLLHHKHH 
Computed: . HLHHHLHH Computed: LHHLLHHL Computed: a HLLHHHHR 
v00o06 =—>—SUENPUT OUTPUT v0013. Ss INPUT OUTPUT 
1 114141911 1 11141111 - Simulation completed, Errors detected = 0 
Pin # +: 1234567891 23456789 Pin # : 1234567891 -- 23456789 | 
Expected: C11X0110XX ===> LLHHLLHH Expected: C11X0110XX ===> HHHHHLHL 
Computed: 3 LLHHLLHH Comput ed: | HHHHHLHL 
v0007 INPUT OUTPUT v0014 INPUT OUTPUT 
1 19111111 1 41191111 
Pin #  : 1234567891 23456789 Pin # = 1234567891 23456789 
- Expected: C11X0410XX ===> HHLHHHLH Expected: C11X0110XX ===> LHHHLLHL 
Computed: _HHLHHHLH Computed: LHHHLLHL 
TB000270 


Figure 1-49. Simulation Run for the 4-Bit Binary Counter and the Decade Counter 


Title: BIN DCD CNTR 

Part Type: PAL16R8* 

DEVICE: PAL16R8* 

MFG: AMD* 

FO* 

£0000 0110 1101 1117 1111 1111 1111 1111 1111* 
LOO32 0110 1111 1101 1111 1111 1111 1111 1111* 
10064 0110 1111 1111 1101 1111 1111 1111 1111* 
L0096 1011 0111 1111 01171 1111 1111 1111 1111* 
L0128 0110 1011 1111 1111 1111 1111 1111 1111* 
L0160 0101 0110 1110 1110 1111 1111 1111 1111* 
L0256 0111 1110 1101 1111 1111 1111 1111 1111* 
LO288 0111 1110 1111 1101 1111 1111 1111 1111* 
L0320 0111 0101 1110 1110 1141 1111 1111 1111* 
LO352 41011 0111 1111 1111 0111 1111 1117 1111* 
10384 0111 1010 1111 1111 1111 1111 1111 1171* 
L0512 0111 1111 1110 1101 1111 1111 1111 1111* 
£0544 0111 0111 1101 1110 1111 1111 1111 1111* 
L0576 §=1011 0111 1111 11411 1111 0111 1111 1111* 
L0608 0111 1011 1110 1111 1111 1111 1111 1111* 
LO768 0111 01117 1111 1101 1117 1111 1111 1111* 
LO800 1011 0111 1111 1111 1111 1111 0111 1111* 
LO832. 0111 1011 1111 1110 1111 11117 1111 1111* 
£1026 0111 1111 1111 1111 1110 1101 1101 1101* 
£1056 1011 0111 1111 0111 1111 1111 1141 1111* 
L1088 0111 1011 1111 1111 1110 1111 1111 1111* 
L1120 0111 0111 1111 1111 1101 1110 1110 1110* 
£1280 0111 1111 1111 1111 1101 1110 1101 1111* 
L1312 0111 1111 1117 1111 1101 1110 1111 1101* 
£1344 1011 0111 1111 1111 0111 1111 1111 1111* 
£1376 0111 1011 1111 1111 1111 1110 1111 1111* 
£1408 0111 0111 1111 1111 1101 1101 1110 1110* 
£1536 0111 1111 1111 1111 1101 1111 1110 1101* 
£1568 0111 0111 1111 1111 1101 1111 1101 1110* 
L1600 1011 0111 1111 1111 1117 0111 1111 1111 
£1632 0111 1011 1111 1111 1117 1111 1110 1111* 
L1792 0111 0111 1111 1111 1101 1111 1111 1101* 
L1824 0111 0111 1111 1111 1111 1101 1101 1101* 
£1856 1011 0111 1111 1111 1111 1111 0111 1111* 
£1888 0111 1011 1111 1111 1111 1111 1111 1110* 
c7cc9* | 

40F8 
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Figure 1-50. Device Map for the 4-Bit Binary Counter and the Decade Counter 
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Figure 1-51. AmPALi6R8 Programmed with 4-Bit Binary Counter and the 


Decade Counter Functions r 
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4-Bit Decade Counter with D Flip-Flops 


Table 1-6 shows the current and next state description of a 4- 
bit decade counter. Figure 1-52 shows the state-counting 
sequence. 


A decade counter can be implemented with four flip-flops and 
some additional logic. The four flip-flops are represented by 
four variables A, B, C, and D. A represents the most significant 
bit and D represents the least significant bit. Note that the next 
states are unspecified for present states 1010, 1011, 1100, 
1101, 1110 and 1171. 


Logic for each flip-flop's output can be derived easily either 
from the state table or by the Karnaugh-map method. Figure 
1-53 shows a four-variable Karnaugh-map format. A separate 
Karnaugh map is required for each flip-flop. States 1010, 
1011, 1100, 1101, 1110 and 1111 are indicated as don't-care 
states by placing X in the Karnaugh maps. 


Figures 1-54, 1-55, 1-56, and 1-57 show the next state maps 
for A*, B*, C* and D* as functions of A, B, C, and D. These 
next state maps are easily generated from Table 1-6. 


Examination of the next state table indicates that the first 
seven transitions, states 0 to 6, do not produce a''1"' output at 
the most significant flip-flop (A). Therefore, the map entry for 
this flip-flop in these states is set to ''0'' (Figure 1-54). When 
current state is either 7 or 8, the next state for this flip-flop 
becomes ''1'' and for current-state 9, the next state is ''0"’. 


Karnaugh maps for B*, C*, and D* can be derived similarly. 


Having created the Karnaugh maps, we can attempt to 
minimize the Boolean expression for each flip-flop. Figure 
1-58.a shows the unsimplified Min term expressions for each 
flip-flop derived from the state table. In Karnaugh-map minimi- 
zation, Min term expressions can be simplified by grouping 
them with don't-care terms. Figure 1-58.b shows the Kar- 
naugh-map minimization of the different functions. 


Once the minimized SOP logic equations are generated the 
translation to a corresponding PAL device is relatively straight- 
forward. Figure 1-51 shows the implementation of both the 
4-bit binary counter and the decade counter in a single 
AmPAL16R8 PAL device. 


TABLE 1-6. FUNCTION TABLE FOR A 4-BiT 
DECADE COUNTER 


INPUTS OUTPUTS 


ooo +0A00 
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Figure 1-52. State Diagram of a 4-Bit Decade 
Counter (10 States) 





Figure 1-53. Four-Variabie Karnaugh-Map Format 
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At = BCD +A*/D 








Figure 1-57. Next State Map for D* 
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A* 
Bt 
Cr 
Dt 


= /A*B«CeD + At/Be/Cx/D 


= /A*/BeC#D + /AeBe/C#/D + /A*Be/C#D + /A*BeC+/D 
= /A+/Be/C+#D + /A*/B«eCe/D + /AxBe/C#/D + /A*BeCe/D 
= /A*/B+/C+*/D + /At/BeC*/D + /A*Bs/C#/D + /A*BeCe/D +A */B*/C#/D 


Figure 1-58.a. Reduced Equations from Function Table 


At 
Bt 
Cc 
pt 


= B«C*D + A/D 

= /B«C«D + B«/C + B«/D 
= C+/D + /A+*/C+*D 

=/D 


Figure 1-58.b. Reduced Equations from Karnaugh Map 


A high-level language design specification for the 4-bit decade 
counter is shown in Figure 1-45. Corresponding test vectors 
are shown in Figure 1-46 and are used as inputs for the 
simulator to test the logic equations. Figure 1-47 shows the 
PLPL Optimizer's output; Figure 1-48, the equation list; Figure 
1-49, the simulation run; Figure 1-50, the device map; and 
Figure 1-51, the implementation of this function in an Am- 
PAL16R8 device (Note that Figures 1-45 through 1-51 also 
implement a 4-bit binary counter function). 


This simple example shows the advantages of using PLDs: 

@ User-defined functions can be programmed quickly, 

@ Two or more logic circuits can be integrated into a single 
PLD, 





@ PC board space is saved and power consumption reduced. 


‘Numerous PLD CAD packages are available that simplify the 
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system designer's tasks. You can express the circuit at a 
higher level instead of being restricted to the early design 
methodology of truth-table/Karnaugh-map/logic equation. De- 
signs can now be expressed through a schematic-entry 
system, or through a high-level language syntax which concur- 
rently improves design documentation. 


In this chapter we have shown detailed design steps neces- 
sary for designing with PAL devices. A later section in this 
handbook contains more examples of logic design with PAL 
devices. 
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2.1 SOFTWARE SUPPORT FOR AMD's 
PROGRAMMABLE LOGIC DEVICES 


2.1.1 Design-Aid Software for Programmable Logic 
2.1.2 ABEL 
2.1.3 CUPL, AmCUPL 
2.1.4 PLPL 
2.2 PROGRAMMING HARDWARE 
2.3 TESTING INFORMATION 
2.3.1 Factory Testing of PAL Devices 


2.3.2 How Testability is Designed into AMD's Programmable Logic 
Devices 


2.3.3 Specifications for Switching-Delay Minimums 
2.4 AMD PROGRAMMABLE LOGIC RELIABILITY 
2.5 PROGRAMMABLE LOGIC TECHNOLOGY 
2.5.1 IMOX-IIl — Advanced Bipolar Technology for PAL Devices 


2.5.2 Advanced CMOS Technology for PAL Devices 














































































































































































































Several design-aid software tools are available to the system 
designers to assist them in designing-in programmable logic 
devices (PLDs). Section 2.1.1 provides an introduction to 
these tools, while Sections 2.1.2 through 2.1.4 describe in 
detail the capabilities and features of some of the software 
packages currently available. 


2.1.1 DESIGN-AID SOFTWARE FOR 
PROGRAMMABLE LOGIC 


The main function of programmable logic design-aid software 
is to translate a custom logic design specification into a format 
which can be accepted by a programmer (Figure 2-1). 





















BLANK PLD | 








Design Software for Programmable Logic 


Available design software may be classified into two major 
categories: Assemblers and Compilers. 


Boolean Assemblers 


These programs allow you to use symbolic names for signals 
appearing on input and output pins. Equations must, however, 
be written at the fuse level, creating more work for the 
designer and producing a logic description which may be more 
difficult to understand. 


Commonly available program of this type is PALASM. 
Logic Compilers 


In contrast to the lower-level Boolean assemblers, the compil- 
er lets the designer write logic descriptions at a higher level: 


2.1 SOFTWARE SUPPORT FOR 
AMD’S PROGRAMMABLE 
LOGIC DEVICES 


CIRCUIT CONCEPT 





YOUR COMPUTER 


PROGRAMMING MATRIX PATTERNS 


PROGRAMMED 


LOGIC (PROM) | 
| PROGRAMMER | 


Figure 2-1. The Programmable Logic Development Cycle 






Programmable logic software is also an excellent tool for 
design simulation and documentation. Simulation aids in 
debugging an initial design and heips to assure that a device 
will operate as intended the first time instead of requiring 
multiple design iterations. Documentation capability is essen- 
tial for someone other than the original designer to understand 
a custom programmable logic-specification. 











PROGRAMMABLE LOGIC 
DESIGN SOFTWARE | 







DEVICE 


YOUR PRODUCT 
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i.e., at a level that more accurately reflects the design concept. 
This type of software increases productivity while producing 
designs that are more thoroughly documented. 


Available programs of this type are CUPL, ABEL, AmCUPL 
and PLPL. 


When applied to programmable logic-design software, the 
term "universal'’ compiler (Figure 2-2) refers to the ability of 
the compiler to support all programmable-logic device types, 
all popular logic (PROM) programmers, and a large number of 
popular development computers. In addition, universal compil- 
ers offer a variety of input design formats such as state 
machines, high-level Booleai. equations, truth tables, or logic 
schematics. 










-HIGH-LEVEL 
_ EQUATIONS 


TRUTH TABLES | 


STATE | LOGIC SCHEMATICS 


MACHINES 


UNIVERSAL. 
COMPILER 


PAL 
DEVICES 


NEXT GENERATION 
PROGRAMMABLE DEVICES 


_ IFL DEVICES | PROMS | 
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Figure 2-2. The Universal Compiler 


A universal compiler's syntax offers a general and easy 
description of the desired configuration of the chosen pro- 
grammable logic device. This means that the functionality 
embodied in a particular logic description can be programmed 
into the same PLD from different manufacturers without 
altering the description at all. 


In addition, the high-level description of the design provides 
flexibility in changing the design if so desired. A designer might 
use a particular type of PLD. Later, when fixes or enhance- 
ments require more product terms or an architectural configu- 
ration that the chosen PLD cannot support, the function can 
easily be placed in an alternate device. In many cases this will 
allow design modifications without altering printed circuit 
boards which may have already been manufactured. 


Logic Simulation 


Most of the programmable-logic software design-aid tools also 
offer logic-simulation capability to the designers. Logic simula- 
tion is typically performed to verify the logical design (logic 
equations) prior to programming an. actual device. This may 
save some of the time spent trouble-shooting a programmable 
logic design using conventional techniques (scope and logic 
analyzer). 


INPUTS | 







PROGRAMMING 
MATRIX 


Tested During 
Programmer Verify 
Cycle 


A simulation file consists of a table of stimulus patterns 
applied to inputs and response patterns expected at outputs. 
The simulator compares each stimulus/response pattern (vec- 
tor) with the logic equations to verify that the expected 
response agrees with that produced according to the equa- 
tions. 


Not simulating may be of little consequence for simple 
designs, but for complex designs, especially complex sequen- 


tial logic, it is well worth the time. 


Testing Programmabie Logic 
Programmable-logic software design-aid tools also assist the 


_ designer in ee the ag after they have been pro- 


grammed. 


_ Before Sippitg a a PLD, programmabilty may be verified by the 







manufacturer by exercising the device's address and program- 
ming circuitry on redundant test sites. 


After the device has been received and programmed by the 
user, the logic programmer will read the states of all the fuses 
in the device and compare them with the data stored in the 
programmer's memory to check the status of the program- 
ming matrix in its verify cycle (Figure 2-3). If any mismatches 
are detected, the device is rejected. 





OUTPUTS 










FIXED LOGIC 


Tested By Applying 
Functional Test 
Vectors 
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Figure 2-3. Programmable Logic Device Testing 
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However, a correct fuse verify does not guarantee that the 
device will work properly, since the fixed logic of the device 
has not been fully tested. To ensure proper opstanen, the 
device must be functionally tested. 


Functional testing of PLDs involves applying stimulus patterns 
to a device while looking for the expected response. The test 
sequence consists of a table of stimulus/response patterns 
similar to those used to perform a simulation. Programmable- 
logic software design-aid programs offer the capability of 
generating these test patterns. 


These patterns (test vectors) are produced by creating a 
simulation input file containing stimulus/response patterns. 
After running the simulator to verify the integrity of the vectors, 
they are appended to the JEDEC down-loadabie file which 
already contains the programming patterns for the particular 
target device. 








We can now see that there are two distinct benefits of logic 
simulation in working with PLDs. 


LOGIC SIMULATION 


DESIGN nmcnn oven VECTOR GENERATION 


Third-Party Software 


Many different programmable-logic design-aid software pro- 
grams and software programs resident on programmable logic 
programmers are available. Table 2-1 lists some current 
suppliers of the these design tools. Contact the indicated 
companies for the status of their particular product. 


The next three chapters of this section describe in detail the 
features of four high-level software design aids which support 
AMD's programmable logic devices. These software programs 
are ABEL, CUPL, AmCUPL, and PLPL. 





TABLE 2-1. THIRD-PARTY SOFTWARE DESIGN-AID TOOLS 


Data I/O Corp. 

10525 Willows Road N.E. 
Redmond, WA 98073 
(206) 881-6444 


ABEL 






ISDATA 
Haid—und—Neu-Str. 7 
D-7500 Karlsruhe 


West Germany 
(0721) 693092 


JMC PROMAC Division 

2999 Monterey/Salinas Highway 
Monterey, CA 93940 

(408) 373-3607 


Personal CAD Systems Inc. 
1290 Parkmoor Avenue 
San Jose, CA 95126 

(408) 971-1300 


MMI 
(Public Domain) 





AMD 
(Public Domain) 


Valley Data Sciences 
2426 Charleston Road 
Mountain View, CA 94043 
(415) 968-2900 


2.1.2 ABEL 


ABEL is a complete logic-design tool that lets you easily 
describe and implement programmable logic designs in PAL 
devices, IFLs, and PROMs. ABEL consists of a special- 
purpose, high-level language that is used to describe logic 
designs, and a language processor that converts logic de- 
scriptions to programmer-load files. Programmer-load files 
contain the information necessary to program and test pro- 
grammable logic devices. Figure 2-4 shows ABEL used with 
Data I/O's Model 29 Logic Programmer i in programmable logic 
development system. 


ABEL may be used with several other Data |/O design 

development tools such as: 

@ PLDtest — an automatic test-vector generator that allows 
100% testing of programmed logic parts 


LOGIC 
PALASM PROMAC P3 


CUPL. IBM PC or compatible 
DEC VAX (VMS, abut 


PALASM 
PLPL IBM PC or compatible 
DEC VAX (UNIX) 


PERFECT 
VISTA 
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_ Hardware Platform 


IBM PC or compatible 
DEC VAX (VMS, UNIX) 


Apollo (AEGIS) 
Sun Microsystems (UNIX) 


DASH/CADAT IBM PC or compatible 
DASH/ABEL 





IBM PC or compatible 
DEC VAX (VMS, UNIX) 
Apollo (AEGIS) 






IBM PC or compatible 
PC (CPM-80) 
DEC VAX (VMS, UNIX) 









IBM PC or compatible 


® DASH/ABEL —a schematic-diagram interface that con- 
verts schematic designs to ABEL source files 

@ PROMIink — a program that permits control of and commu- 
nication with Data |/O programmers by means of a person- 
al computer 


Features of the ABEL design language are: 
@ Universal syntax for all programmable logic types — 


High-level, structured design language 
Flexible forms for describing logic: 

-— Boolean Equations 

— Truth Tables 

~ State Diagrams 

Test Vectors for simulation and testing 
Time-Saving Macros and Directives 





ABEL™ 
Development 


Software 


P/T Adapter g 


Personal Computer 


RS-232-C 
Communication 


Data I/O 
Model 298 
Programmer 
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Figure 2-4. ABEL—A Logic Design Tool 


The ABEL sanguege. processor also has many powerful 

features: 

@ Syntax checking 

- @ Verification that a design can be implemented with a 
chosen part 

Logic reduction 

Design simulation 

Automatic design documentation 

Creation of programmer-load files in JEDEC and PROM 

format 


Together, the ABEL design language and language processor 
make it easy to design and test logic functions that are to be 
implemented with programmable logic devices. For exampie, 
you can design a three-input AND function with the inputs A, 
B, and C and the output Y using a truth table like this: 


truth__table ''3-input AND gate" 
. (A,B,C] —¥) 
[0,.X.,.X.] —@ ; 
[.X., 0,.X%.] —@ ; 
[.X.,.X%., 0] —@ ; 
(1, 1, 1] —# ; 


The ''.X.''s in the table indicate ''don't-care'' conditions, and 
the output Y is set to 1 only when all three inputs equal 1. You 
also could have specified the output Y in terms of simple 
Boolean operators and have achieved the same result. This is 
done here, where ''&'' is the logical AND operator: 


Y=™®A&B&C; | 
Design Process with ABEL 


ABEL lets you choose the type of description that is best 
suited to the logic being described, or the type of description 
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you feel most comfortable with. And, in most cases, the same 
description can be used for many different devices simply by 
changing the device specification. ABEL enters the design 
process in a way that reduces errors and saves time. You can 
think about designs in a logical, functional way, describe them 
in that fashion, and then test your design to see that it 
operates as expected, all without worrying about which fuses 
should be blown or left intact. 


| Figure 2-5 shows the logic-design process and the role ABEL 


takes in it. Beginning with the design concept, the designer 
creates the ABEL source file required by the language 
processor in order for it to generate the programmer-ioad file. 
The source file is written by you and contains a complete 
description of your logic design. You can create the source file 
manually by means of a text editor (or word processor) that 
generates ASCIl files, or you can use DASH/ABEL to convert 
a DASH-generated schematic of the design to an ABEL 
source file. 


The source file is presented to the ABEL language processor 
which performs several functions to produce a programmer- 
load file (in JEDEC format) and design documentation. The 
first ABEL function, Parse, checks the syntax of the source file 
and flags any errors. Transform converts the logic description 
to an intermediate form. Reduce performs logic reduction, and 
Fusemap creates the programmer-load file. The programmer- 
load file can then be downloaded to the logic programmer to 
program parts, or can be first transmitted to PLDtest, an 
automatic test-vector generator. The Simulate function tests 
the design of the part against your test vectors contained in 
the source file and reports any functional failure of the design. 
The Document function generates a listing of the source file, a 
drawing of the logic device pin assignments, and a listing of 
the programmer-load file. 
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Figure 2-5. Logic Design Steps with ABEL 


More About ABEL Features fuse map and test vectors used for simulation are the same as 


| those that will be used to program and test the real device. 
Design Checkin 
9 g Functional Device Testing 
The language processor checks your logic design for correct lf test vectors are specified in a source file, the programmer- 
language syntax and explicitly tells you where an error occurs load file created by the language processor contains these 


and what the error is. The language processor also checks vectors in a form that can be used to test a programmed 
your design to see if it can be implemented on the chosen device with a logic programmer. 

device. For example, if a device input pin is used as an output 

in an equation, the language processor detects and reports Standard JEDEC-Format Programmer-Load File 


the error. The standard programmer-load file created by the language 


processor conforms with the JEDEC Standard, No. 3, for data 
transfer to logic programmers. JEDEC-format files are used to 
The language processor reduces your logic design to a near transfer PAL and IFL designs to the logic programmer. Other 
minimal form, so that you do not have to perform the tedious formats for PROM programmers are supported. 

task of logic reduction by traditional methods such as Kar- System Requirements 


naugh maps. You may choose different leveis of reduction 
based on the design and the device. | ABEL presently runs on the following computers and operating 


. systems. Versions for additional systems are under develop- 
Simulation of a design is performed after a logic design has ment. 
been reduced and converted to a programmer-load file. The @® IBM/AT/XT and MS-DOS compatibles 
simulation facility uses device characteristics, a fuse map, and @ VAX/VMS 
test vectors to simulate the actual operation of the device. The @ VAX/Unix 


Logic Reduction 
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@ Sun 
@ Valid 
@ Apollo/Mentor 


The configuration information and installation instructions for 
ABEL differ for each type of system. To install ABEL in your 
particular system, refer to the installation guide supplied with 
your ABEL package. In addition to ABEL, you will need an 
editor or word processor with which to create ABEL source 


files. This may be any editor of your choice as long as as it 


produces a standard ASCII file. 
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‘ Note: Some word processors, such as WordStar, operate in 


more than one mode, and may create non-standard ASCIl files 
that cannot be used with ABEL. If you are using such a word 
processor, choose the mode of operation that creates print- 
able ASCII files. 


For downloading programmer-load files to a logic programmer, 
you will need: 
@ An RS-232C port and acable to connect to the programmer. 


2.1.2 ABEL 


DESIGN TOOLS FOR PROGRAMMABLE LOGIC 


Michael Holley 
Project Engineering Manager 
FutureNet Corporation 
10525 Willows Road N.E. 
Redmond, WA 98073-9746 


Programmable logic devices consist of 
an array of logic gates whose 
interconnections may be programmed to 
implement specific logic designs. 
Gate interconnections are programmed 
by opening selected fuses while 
leaving others intact. The logic 
gates are generally arranged so that 
the device inputs are connected to AND 
gates which are in turn connected to 
OR gates. Two common types of 
structures are the PAL'™ structure, 
where the AND array is programmable, 
and the FPLA structure where both the 
AND and OR arrays are programmable. 


Figure 1 shows the fuses opened and 
left intact for a basic PAL'™ in order 
to provide the function expressed in 
the equations. This PAL'™ application 
is quite simple and the fuses to be 
blown could be determined with a low- 
level design tool, such as PALASM'™, or 
even manually. However, many next- 
generation programmable logic devices 
contain complex macro cells that 
require powerful design tools to 
efficiently program them. In addition 
to the AND and OR gate interconnect- 
ions, many newer devices contain 
programmable registers and 
programmable feedback paths from the 
outputs back to the AND gate inputs. 


To program a programmable logic 
device, a conceptual design must be 
converted to a binary bit pattern that 
is loaded into a logic programmer. 
Since the gates are arranged in a sums 
of products form (AND-OR), early 
design tools required that the user 
transform the design to the sums-of- 
products form. The next generation 
programmable logic devices have multi- 
level logic so you don't have convert 
the design to the sum-of-products 
form, just sum-of-products equations. 
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PERSONAL SILICON FOUNDRY 


One solution to the programming of 
complex programmable logic devices is 
the Personal Silicon Foundry from Data 
I/O Corporation. This desk-top system 
contains all the design tools and 
hardware to take a design from 
conception to programmed devices in 
just a few hours. PSF allows the 
engineer to express the design in the 
form of Boolean equations, truth 
tables, state diagrams, or even 
schematic diagrams. Design tools 
within PSF transform the design 
description, after logic reduction, 
into a sums of products form and then 
into the required bit patterns to 
program the logic device. This paper 
provides a brief description of the 
Personal Silicon Foundry and how it 
enhances the PC engineering 
workstation as a complete design 
systen. . 


PSF includes an IBM-AT or -XT and a 
logic programmer, plus the following: 


ABEL (Advanced Boolean Expression 
Language) ~- a high-level logic 
design language used to describe 
and implement programmable logic 
designs and a multi-program 
language processor to process 
logic descriptions (in ASCII 
format) to JEDEC-format logic 
programmer load files. 

Programmer load files contain the 
information necessary to program 
and test programmable logic 
devices. 

DASH - a full-featured schematic 

design system that provides 

graphics output to 
printers/plotters and design file 
output to post-processes of 

CAD/CAE systems. 
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DASH-ABEL: - a schematic capture 
interface tool that allows logic 
designs to be expressed as a 
schematic diagram. DASH-ABEL 
also allows designs within 
schematic diagrams to be 
processed by ABEL. 


PpLDtest -.a programmable logic device 
fault analysis tool that insures 
complete testing of devices after 
they are programmed. 


To proceed from design concept through 
to programmed devices, several basic 
steps are followed, with optional 
choices to accomodate a variety of 
design situations. The flowchart 
presented in figure 2 shows the 
general flow of the design, - 
simulation, testing, and programming 
operations provided by the system. 


Intact PAL Fuses 


and the Logic Equations © 


USING ABEL _ 


The heart of the PSF is the ABEL , 
Language Processor. The input to the 
language processor is a source file 
that contains all elements of the 
design, declarations for the target 
logic device, test vectors, etc. The 
ABEL source file is created in either 
-of two ways: 1) with a text editor 
that. generates an ASCII file, or 2). 
with the DASH schematic editor. 


If a text editor is used, the designer 
keys-in the design using the desired 
method, i.e., equations, truth tables, 
or state diagrams (plus logic device 
pin information, test vectors, etc.) 
to produce a design description 
similar to those shown in figures 3 
and 4. The partial source file in. 
figure 3 describes a seven-segment 
display decoder by means of a truth 
table. The partial source file in 
figure 4 shows how a design (a traffic 
signal controller) is expressed by 
means of a state diagram. 


| 
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Figure 2. Logic Design Steps with PSF 


If the DASH schematic editor was used 
to express the design, it would be 
translated by the DASH-ABEL Schematic 
Capture program to produce source file 
with Boolean equations substituted for 
the logic circuit. (Refer to Session 
8 for more information on the 
schematic capture feature of PSF.) 


Reduction of Logic Terms 


As indicated in figure 2, the 
completed source file is input to the 
ABEL Language Processor. The first 
step is the Parse-Transfor process. 
These programs read the source file 
and convert truth table or state 
diagrams to Boolean equations in a non- 
minimized form. 


The subsequent Reduce program applies 
DeMorgan's theorem to convert the 
equations to the sum-of-products form 
minimize the logic description so that 
fewer product terms are used in the 
programmable logic device. 


Fusemap and Simulation 


The Fusemap program processes the 
output file from the Reduce program 
and creates a programmer load file. 
The output of the Fusemap program is 
passed either to the Simulate program 
or (in JEDEC format) to the logic 
programmer or to PLDtest. 


module bed7rom flag “-d827 
title “BCD to seven segment display decoder 
Data 1/0 Corp Redmond WA 27 Feb 1986” 
wt 
a 


BCD-to-seven-segment decoder 


w f | g |b 
" --- segment identification 
* e| d [c 
ve a a 
U6 device “RASP8”; 


D3,D2,D1,D0 
a,b,c,d,e,f,g 


pin 10,11,12,13; 
pin 1,2,3,4,5,6,7; 





ena pin 153 

bed = [D3,D2,D1,D0]; 

led = [a,b,c,d,e,f,g]; 

ON,OFF = 0,1; ™ for common anode LEDs 

bs X5.2 = 0,1, %spa2e3 

truth table 
(bed -> [ a , b, cy d i) ey £ » g }) 
0 -> [ ON, ON, ON, ON, ON, ON, OFF]; 
1 -> [OFF, ON, ON, OFF, OFF, OFF, OFF]; 
2 -> [ ON, ON, OFF, ON, ON, OFF, ON]; 
3 -> [ ON, ON, ON, ON, OFF, OFF, ON]; 
4 -> [OFF, ON, ON, OFF, OFF, ON, ON]; 
5 -> [ ON, OFF, ON, ON, OFF, ON, ON}; 
6 -> [ ON, OFF, ON, ON, ON, ON, ON]; 
7 -> [ ON, ON, ON, OFF, OFF, OFF, OFF); 
8 -> [ ON, ON, ON, ON, ON, ON, ON]; 
9 -> [ ON, ON, ON, ON, OFF, ON, ON]; 
Figure 3. An ABEL Source File Using a 


Truth Table to Describe 
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the Design 


| 2.1.2 ABEL (Cont'd.) 


state diagram Count 


“State OQ: 


State 1: 
State : 
State 3: 


State 4: 


State 5: 


State 6: 
» State 7: 


State 8: 


State -9: 
State 10: 
State ll: 


State 12: 


State 13: 


State 14: 
State 15: 


@page 


case. 


SenseA & !SenseB ‘ Os 
'SenseA & SenseB : 4; 
_(SenseA == SenseB) : 1; 


endcase; 


goto 2; 


"Delay three clocks 


> 

goto 3; 

goto 4; 

GreenA = Off; 

YellowA := On ; 

goto 5; 

YellowA Off; 

RedA On ; 

RedB = OFF; 

GreenB = On ; 

goto 8; 

goto 15; "Unused states 

goto 153 

case 'SenseA & SenseB 8; 

SenseA & !SenseB : 12; 

(SenseA == SenseB) 9; 

endcase; . 

goto 10; "Delay three clocks 

goto ll; . | 

goto 12; 

GreenB Off; 

YellowB := On ; 

goto 13; 

YellowB := Off; 

RedB = On ; 

RedA = OFE; 

GreenA = On ; 

goto 0; 

goto 15; "Unused state fe 

GreenA := On ; "Power on initilize state 

YellowA := Off; 

RedA = Off; 

GreenB = Off; 

- YellowB := Off; 
RedB On ; 
goto 0; 


Figure 4. Using a State Diagram to Describe a Logic Design in an ABEL Source File 
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The Simulate program uses the design 
and device information to simulate 
operation of the design ina 
programmable logic device. That is, 
it simulates operation of the device 
as if it were already programmed with 
the information contained in Fusemap 
output file. If the design fails to 
operate in accordance with the test 
vectors, errors are listed that 
indicate any failed functions. The 
flagged errors allow the design to be 
corrected early in the development 
stage, before any programmable logic 
devices are actually programmed. 


The Programmer Load File and PLDtest 


After successful simulation, the JEDEC 
programmer load file is passed on to 
the logic programmer so that parts can 
then be programmed with the logic 
design. Before device programming, 
the JEDEC file can be passed through 
PLDtest, a fault analysis tool that 
insures complete testing of 
programmable logic devices. PLDtest 
generates a series of test vectors 
that are added to the JEDEC file so 
that the logic programmer can perform 
additional testing on each device 
after it is programmed. This lowers 
the device failure rate by identifying 
marginal devices before they can be 
placed in inventory or installed in 
the end-product. Since programmable 
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logic devices cannot be adequately 
tested before they are programmed with 
the logic design, manufactures cannot 
provide this type of testing and fault 
grading before device leave the 
factory. 


Design Documentation 


The final step of the ABEL Language 
processor is that of providing design 
documentation. This feature is of 
real benefit to engineers take no 
delight in producing thorough 
documentation. The Document program 
generates printed reports. Included 
in the documentation is signal 
name/pin informaton for the device, a 
list of reduced equations that show 
the design, a pinout diagram of the 
device, a representation of the 
fusemap, and the test vectors. 


CONCLUSION 


Personal Silicon Foundry is a complete 
design, simulate, and testing system 
for programmable logic. It is 
intended to reduce the time between 
concept and programmed parts to a 
matter of hours. All operating 
software is tried and proven with more 
than a year of service in the customer 
base. 
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Designer’s Guide to: 
dae Faria logic—Part 1 


~ Compiler- based 


‘software and 


improve logic desig) 





Programmable logic devices allow you to 
complete a design faster than you can using 
SSI devices or custom ICs, and PLD 
implementations take up less space than do 
SSI-based circuits. Moreover, easy-to-use 
comptler-based languages that don’t require 
you to understand PLD architectures make 
_ PLDs increasingly attractive e for 

logic designs. 


Bob Osann, Assisted Technology 


Circuits that incorporate programmable logic devices 
(PLDs) take up less board space than do SSI-based 
implementations and require less design time than do 
custom-IC or SSI-based versions. But until recently, 
the PLDs’ unusual architecture and lack of software 
support made designers hesitant to use the devices, 
despite the advantages they offer. Compiler-based soft- 


ware, however, is simplifying PLD use; this high-level 


software makes it unnecessary for you to be concerned 
with the PLDs’ internal details when implementing 
logic functions with the devices. 

This first article in this 3-part series, which is aimed 
at first-time PLD users, discusses basic PLD architec- 
ture and shows you how to replace two simple logic 
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designs with PLDs using a compiler-based PLD design 


- language. Part 2 will show you how to replace more 


complicated combinatorial and registered-TTL designs 
with PLDs. Part 3 will introduce the state-machine 
concept and show you how to implement a logic design 
directly, without ever developing a gate-level descrip- 


- tion of the system. 


Although the PLD approach lets you go from logic 
function to PLD circuit without conceiving a gate-level 
description, when designers decide to use PLDs, they 
usually have either completed TTL designs that they 
want to shrink or else gate-level descriptions of circuits 
they don’t want to implement in discrete logic. There- 
fore, the first two articles in this series target convert- 
ing existing designs. 


Why use a PLD? 


_ For one-of-a-kind designs, prototypes, or small pro- 
duction runs, designers have traditionally taken the 
discrete approach. Discrete designs are easy to modify 
and inexpensive to manufacture in small quantities, and 
you can complete them more quickly than you can 
complete custom or semicustom designs. For produc- 
tion runs over 500, designers have typically chosen the 
semicustom and custom routes and sacrificed short 
design cycles and ease of modification to reduce manu- 
facturing costs. 

PLDs bridge the gap between bulky discrete designs 
and long custom-IC design cycles. On the one hand, 
PLD designs are easier to modify than SSI-based ones 
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and use much less space. Moreover, depending on the 
application, they can cost less than SSI-based imple- 
mentations for even small production runs. And on the 
other hand, although custom ICs can prove more eco- 
nomical than PLDs for large production runs, PLD 
design cycles are much shorter. So, if you need to get a 
small, inexpensive design to market quickly and can’t 
wait for a completed custom design, PLDs can provide 
you with a quick stand-in until your custom design is 
completed. 

In general, the PLD architecture contains a fixed 
logic array made of AND gates—whose outputs feed 


(PRODUCT TERM) 


FUSE 
MATRIX 


Fig 1—Typical PLDs use one of two general architectures to permit 


implementation of a wide range of logic functions. PAL-type devices 
(a) prove easier to use, but FPLAs (b) provide more flexibility by 
allowing two levels of programmability. 








A PLD approach allows designers to go 
from a logic function to a PLD-based 
circuit without conceiving a gate-level 
description. 


OR gates—and a programming matrix. The program- 
ming matrix is made up of fuses that you blow with a 
programming device. By blowing the appropriate 
fuses, you can achieve any AND/OR product or combi- 
nation. Fig 1 shows the PAL-type and FPLA-type 
architectures. The total number of terms that you can 
generate is limited only by the size of the matrix. 
Because you can represent any logical function as the 
logical sum of product terms, you can realize any logical 
function using a PLD. A product term consists of any 
combination of input variables or their complements 
ANDed together. A logical sum is any combination of 


CONCEPTUALIZE THE LOGICAL DESIGN 


RUN CUPL FOR TARGET PLD 
EDIT SOURCE FILE 
COMPILE ERRORS? 


SIMULATE FOR DESIGN VERIFICATION 
DOWNLOAD AND PROGRAM TARGET PLD 





DEBUG PROTOTYPE 


LOGIC DESIGN ERRORS? 


NO 


DESIGN COMPLETE 


CREATE SIMULATION INPUT FILE 
FOR TEST-VECTOR GENERATION 


RUN SIMULATOR TO PRODUCE 
JEDEC FILE (DOWNLOADABLE) 
WITH TEST VECTORS 


PRODUCTION RELEASE 





Fig 2—PLDs greatly simplify logic design. After you complete the 
logic-description file, the PLD software automatically compiles the 
data for downloading to a programming device. 
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Fig 3—When using CUPL, you can always write your logic equa- 
tions in positive logic, regardless of the actual polarity of the signals 
entering the device. For example, the two cases illustrated above both 
yield the same logic equation: OUT=IN,&IN). 


product terms ORed together. Using De Morgan’s 
theorems, | 


- (AB)=A+B, and 
(A+B)=AB. 


Then, using the distributive property, 


A(B+C)=A+B, and 
(A+B)(C+D)=AC+AD+BC+BD. 


The PLD software determines the best form of the 
equation that will fit into a PLD, which uses a general 
architecture to permit implementation of a wide range 
of functions. The software should allow you to think in 
terms of logical functions rather than gates. The better 
the software, the more you can abstract from the 
details of discrete design and attend to system 
concerns. Oo | 

Once you've decided to use a PLD approach, you'll 
need to choose the software development support for 
that device. You can use two basic types of software: 
assembler-based software and compiler-based software 
(Ref 1). Assembler-based software is supplied by the 
PLD manufacturer; it typically supports only that 
manufacturer’s devices. If you buy PLDs in large 
quantity, you can usually get the software for well 
under $100. An alternative to assembler-based soft- 
ware is the compiler-based software sold by Data I/O 
and Assisted Technology. Compiler-based software 
supports almost all PLD devices and programmers; 
typical prices range from $750 for a version that runs on 
CP/M-based systems to $2695 for a version that runs on 
VAX/VMS systems. 

Although compiler-based software is more expen- 
sive, it will make your PLD design task easier. Capabil- 
ities such as symbolic signal representation and macro 
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Fig 4—Some PLD devices use an inverting output buffer. As a 
result, to accommodate applications that demand an active-high 
output signal, the compiler often must generate extra product terms 
that might make the design too big for the target PLD. 


substitution make it easier for you to formulate and 
enter your logic equations. These improvements allow 
you to formulate your design at a higher conceptual 
level; that is, you can think in terms of systems instead 
of individual circuits. 

Fig 2 illustrates the PLD design process using As- 
sisted Technology’s CUPL language. (The Abel lan- 


guage, developed by Data I/O, could also be used 
‘to demonstrate the techniques involved.) 


The CUPL syntax 


Before you can design with CUPL, you have to learn 
the syntax. CUPL’s operators, which were chosen 
largely from the C programming language, are as 
follows: 

&=logical AND 

#=logical OR 

$=logical exclusive-OR 
!=logical negation. | 

You can place comments anywhere within a CUPL 
logic specification by using the symbol /* for “start 
comment” and the symbol */ for “end comment.” You 
can also nest parentheses to any level, as in this 
example: OUT=!((A&B)&(C#(D&E))). 

To facilitate clear documentation, CUPL allows you 
to use symbolic names of arbitrary length (the first 31 


characters must be unique). Symbolic names can-repre- 


sent pin variable names, internal device nodes, inter- 
mediate variables, bit-field representations, and sym- 
bolic constants. To further improve clarity, you can use 
the underscore character— ) 
RAM_PARITY_INT_EN. 

When you’re converting an existing design, CUPL 
allows you to give symbolic names to internal nodes 
within your design. For example, for flip-flops con- 
nected to the pin PIN__VAR, you would name the node 
as follows: | 

@ D-type flip-flop—PIN__VAR.D=Expression 
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e JK-type  flip-flop—PIN__VAR.J=Expression, 
PIN__VAR.K=Expression 
@ RS-type _ flip-flop—PIN__VAR.R=Expression, 
PIN__VAR.S=Expression. 
For 3-state-device enable signals connected to a pin, 
you would write: 
@ PIN__VAR.OE=Expression 
@ [PIN__VAR LIST].OE=Expression, 
as in [DATA7..0].OE=Expression. If you’re leaving the 
3-state device enabled, you don’t have to write an 
equation for it. 


Handling signal polarities 


One issue that often confuses first-time PLD users is 
the representation of signal polarities. In CUPL, you 
can always write equations in positive logic, regardless 
of the polarity of the signals entering the device. 
Because all signals entering the PLD are buffered, you 
have access to both the true and complement versions 
of the input signal for your logic equations. Fig 3 
illustrates two simple cases. For each case—if you were 
using the PLD as an AND gate—you would write the 
same logic equation: OUT=IN,&INz. 

The specification of signal polarities is complicated by 
the inverting-output architecture of, for instance, 
20-pin PAL devices (Fig 4). If you need an active-low 
output polarity, this doesn’t create a problem. In this 
case, the compiler has to implement only one P (prod- 
uct) term. However, if you need an active-high output 
signal, the compiler must apply De Morgan’s theorem, 





Fig 5—With CUPL, you can often replace a TTL design without 
understanding its function. You just name the pins and nodes, 
combine them according to gate relationships in the circuit, and the 
software does the rest. 








The PLD architecture contains a fixed 
logic array made of a programming 
matrix and AND gates whose 
outputs feed OR gates. 





Fig 6—Reduced propagation delays are one of the benefits of using 
PLDs. A PLD implementation of the circuit shown here has, on the 
average, half the propagation delay of the discrete implementation. 


and !OUT:=!(INi&IN2) becomes !IN,#!IN». Note that 
this equation contains two product terms. The addition- 
al space the compiler requires reduces the probability 
that the compiler will be able to fit the logic function 
into the target PLD. 

CUPL can eliminate this problem for PLD devices 
that have programmable output polarities. CUPL auto- 
matically chooses the output polarity that will result in 
the fewest number of P terms. 


Reduce keystrokes 

One of CUPL’s (and Abel’s) major advantages is 
macro substitution, the ability to use a single variable 
name to represent a complex logical equation. For 
example, if you define “INT__VAR” as “A&B#C,” the 
compiler will insert A&B#C every time it encounters 
INT__VAR. 

Because macro substitution lets you use fewer key- 
strokes to write equations, it saves time and reduces 
the probability that you’ll make input errors. By using 
macro substitution, you can write your logic specifica- 
tion in a hierarchical fashion, breaking complex equa- 
tions into more manageable and readable pieces. 


The logic description 

The heart of CUPL is the logic-description file 
(LDF), which contains your logic equations, pin decla- 
rations, intermediate variables, and documentation de- 
scribing the device’s function. You must complete the 
LDF to prepare your logic equations for downloading to 
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ges 


a programming device. Table 1 shows the format for a 


CUPL LDF that was written for a memory decoder. 


The following example shows you how to complete . 


the logic equation, pin declaration, and intermediate 
variable portions of an LDF for the design in Fig 5. 
First, you write the pin declarations using the same 
names and signal polarities that appear on your sche- 
matic. Next, you name the output of each gate in the 


TABLE 1—SOURCE 
SPECIFICATION FILE FORMAT 


FUNCTION DESCRIPTION 


HEADER INFORMATION: 
IDENTIFIES THE 
PARTICULAR LOGIC 
SOURCE FILE 


900 16487 
MEMDEC 
07/18/84 


REV : 03 
DESIGNER — 
COMPANY 

ASSEMBLY PC. RAM 
LOCATION 417 


pean DEVICE DECODES ADDRESSES TITLE BLOCK: 


E DYNAMIC RAM AND DESCRIBES IN 
PROVIDES THE RAS STROBES AS 
eas AS A SIGNAL THAT INITIATES 


IBES IN. 
PLAIN TERMS WHAT 
THIS DEVICE DOES. 


ALLOWABLE TARGET DEVICE 
TYPES: PAL 16L8, 625153, 


DEVICE MENU: LISTS 
ALL TARGET Ls TYPES 
THAT MAY BE USED 


PIN DECLARATIONS: 


BES 
INDICATES REFRESH ty oes IN PROGRESS 
STROBE FOR RAS-ONLY 


REFRESH 
PIN te = ALT_LOC PLACE MEMORY IN ALTERNATE RANGE 


OUTPUTS: 
PIN (9. 16 =. | [RAS 3. 0} 
PIN 14 = !CAS_| 


DECLARATIONS a INTER- 
MEDIATE VARIABLE DEFINITIONS: 


RAM ROW ADDRESS STROBES 
ENABLE CAS STROBES 


WRITE raayer con 
BIT-FIELD DECLARATIONS 

AND INTERMEDIATE VARIABLES 
WHICH WILL BE SUBSTITUTED 
LATER USING MACRO- 
SUBSTITUTIO 

MEMORY ADDRESS ; 
MEMORY REQUEST 


WRITE a perl FOR 
OUTPUTS IN TERMS OF 
INPUTS AND FEEDBACK AS IN: 
OUTPUT = INPUT 1 & FEEDBACK 1 
# INPUT 2 & FEEDBACK 2 
# INPUTS N & FEEDBACK N 


FIELD MEMADR = 
MEM REQ = MEM 


LOGIC EQUATIONS: 


= [A19 A At) 


FUNCTION 


RAS 3 = MEMREQ & ! REF _ADR_ EN & 
(! ALT__LOC & MEMADR 

# ALT_LOC & MEMADR: PCO00.. 

# REF_ADR_EN & REF_RAS 


RAS 2 = MEMREQ { Pirie Aaa EN & 


DR [F8000. PBFFF) 
# REF_ADR_EN & REF_RAS 


“RAS 1 = MEMREQ a ! fiir irate EN & 


BR [oo PUFFF) 
# REF_ADR_EN & REF_! 


RAS 0 = MEMREQ & !. REF ADR EN & 
(! ALT_LOC & MEMADR: [00000. . 
# ALT_LOC & MEMADA: FO0000. . 
# REF_ADR_EN & REF_RAS 
CAS_INIT = we MERI Sa ! REF_ADR_EN & 
! ALT_.LOC & MEMADR: (00000. . .OFFFF 
ALT_LOC & MEMADR: F0000. . . FFFF 


DESCRIPTION 


PRIMARY RANGE 
ALTERNATE RANGE 
REFRESH CYCLE 


PRIMARY RANGE 
ALTERNATE RANGE 
REFRESH CYCLE 


PRIMARY RANGE 
ALTERNATE RANGE 
REFRESH CYCLE 


PRIMARY RANGE 
ALTERNATE RANGE 
REFRESH CYCLE 


PRIMARY RANGE 
ALTERNATE RANGE 
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schematic. In the example, STROBE, A, and !|GATE 
are the intermediate variables. Using the intermediate 
variable definitions, you then write an equation for the 
output: 


PIN 4=!IN, 
PIN 5=IN, 
PIN 6=IN3 
PIN 15=OUT 
A=!IN2 
STROBE=!(!IN, #!IN>; /*!(1IN,) =IN,*1 
IGATE=!(A&IN;) 
OUT=STROBE&!GATE. 


The following expressions show this strategy applied 


to the more complicated design in Fig 6: 


A=!IN;, 
B=!(IN, G@IN2&!IN3) 
C=!(INs #ICIN,) 
D=!C 
E=!(C&IN;) 
F=!B&!D&!E 
G=A#F 

{OUT =(G&INg). 


The design in Fig 6 illustrates another advantage of 
using PLDs instead of discrete logic. The propagation 
delay in the PLD implementation is often less than that 
in the discrete design. The discrete design for this 
circuit requires at least three TTL packages and has 
five levels of delay. The total delay time is 50 nsec (five 
levels times 10 nsec/level) for LS packages and 26 nsec 
(4x4 nsec+10 nsec) for a combination of LS and Schott- 
ky TTL packages. In an equivalent PLD circuit, the 
maximum delay is 25 nsec; typical delay is only 15 nsec. 


Registered PLDs 


Some of the more complicated apes of PLDs use 
flip-flops in their output stages to store information. 
Most of these PLDs provide integral feedback paths. 
The simplest registered PLDs contain D-type flip-flops, 
which transfer the signal at their D input to their Q 
output after one clock pulse (more specifically, after the 
application of a positive-going leading edge). The equa- 


tions for the flip-flop in Fig 7 are 


OUTPUT.D=G&INPUT /*UPDATE WITH INPUT*/ 
#!G&OUTPUT; /*MAINTAIN CURRENT OUTPUT*/ 
/*VIA INTERNAL FEEDBACK DATA”*/. 


For simple registered designs, you can often model 
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Compiler-based software for PLD design 
includes such features as symbolic signal 
representation and macro substitution. 


the circuit with a timing diagram. Using the timing 
diagram, you can write your logic equations easily. In 
the Fig 8 timing diagram for a D-type flip-flop, INPUT: 
initiates the input pulse, and INPUT; terminates the 


the smallest possible number of product terms to keep a 
D flip-flop set for several clock cycles. Here, the 
flip-flop’s output is fed back until some condition is met 
that again enables the flip-flop. 


If the registered PLD contained JK flip-flops, the 
expressions would be 


output pulse. The pin declarations are 





PIN 3=!INPUT, 
PIN 6=!INPUT: OUTPUT.J=INPUT,; /* SET FF*/ 
PIN 1=CLOCK OUTPUT. K=INPUT); /* RESET FF*/. 


PIN 14=OUTPUT, 

To handle more complicated sequential designs, you 
can model your circuit as a multiple-flip-flop system 
that uses a common clock. (Virtually all currently 
available registered PLDs use common clocks for their 
flip-flops.) For example, to convert TTL designs that 
use cascaded flip-flops (in which the outputs of some 
flip-flops are used to clock other flip-flops), you must - 
find the originating clock in the circuit, which is usually 


and the corresponding logic equations are 


OUTPUT.D=!OUTPUT&INPUT 2 /*SET FF*/ 
# OUTPUT&!INPUT 1; /* KEEP FF SET*/ 
/* UNTIL INPUT 1*/ 
/*GOES ACTIVE*/. 


These equations demonstrate one method for using 


INPUT, 


OO 
ee A Goa ee 
Sich ee 


Fig 8—Converting logic designs to PLDs is easy once you've 
completed a timing diagram for your circuit. This one represents 
operation of a D-type flip-flop. 


Ml OUTPUT (REGISTERED) 





Fig 7—Some PLDs use registered outputs to introduce storage 
elements into their architecture. 


TABLE 2—CUPL OPTION FLAGS 


PRODUCE YOUR__FILE_.NAME.ABS FOR LATER USE BY CSIM. 

PRODUCE YOUR__FILE_.NAME.LST WITH LINE NUMBERS AND ERROR MESSAGES. 
PRODUCE YOUR_FILE_NAME.HL DOWN-LOADABLE HL FORMAT FILE FOR IFL. 
PRODUCE YOUR__FILE_NAME.HEX MMI PAL ASCII-HEX FORMAT FILE. 
PRODUCE YOUR__FILE_NAME.DOC WITH FUSE MAP FILE. 

PRODUCE YOUR_FILE_.NAME.DOC WITH FULLY EXPANDED EQUATIONS. 
PROGRAM SECURITY FUSE. 

DISABLE GLOBAL PRODUCT-TERM MERGING. (FPLA DEVICES). 

PERFORM NO LOGIC MINIMIZATION. 

PERFORM LOCAL LOGIC MINIMIZATION. . 

PERFORM LOGIC MINIMIZATION UNTIL EQUATIONS FIT IN TARGET DEVICE. 
PERFORM FULL LOGIC MINIMIZATION. 

DEACTIVATE UNUSED OR-TERMS. (INCREASES SPEED IN FPLAs). 

SET ALTERNATE SEARCH PATH FOR PLD DEVICE DATABASE. 

PRODUCE YOUR__FILE_NAME. JED, THE JEDEC FORMAT DOWNLOADABLE FILE 
AUTOMATICALLY RUN CSIM AFTER RUNNING CUPL 
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the highest-frequency source in the circuit. In most 
cases, the timing skew from one flip-flop output to the 
next is tolerable. | 

The TTL circuit in Fig 9 contains an LS161 counter 
whose output is decoded in an LS138. The decoded 
output sets and resets flip-flops at various points in the 
- timing cycle. The timing diagram in Fig 10 is based on 
the assumption that the clock rate is sufficiently high 
that the propagation delays from SYSCLK to OUT, and 
OUT: are not significant. If you were to implement this 
design in a PLD, the pinout would look like the one 
shown in Fig 11. Outputs Q) and Q,; were added to make 
all eight time slots in the circuit’s cycle a unique 
combination of the four outputs. Adding Q) and Q, 
results in a timing sequence like the one in Fig 12. 

You can now write the logic equations by noting, for 
each output, each place in the timing cycle where the 


output reads high (the flip-flop is set). For example, 


OUT, is set during time slots 2, 3, and 4. (The equation 
for the D input should include representations of time 
slots 1, 2, and 3; these time slots occur immediately 


before the flip-flop is set.) For time slots 1 through 3, 


you can now write 
OUT; .D=!OUT, &!0UT.&Q.&!Q; /*TIME SLOT 1*/ 
#OUT &!OUT2&!Qo&!Q; /*TIME SLOT 2*/ 
#OUT,&!OUT2&Q.&!Q, /*TIME SLOT 3*/. 
Writing these equations is easier if you first define each 
time slot in terms of the register outputs that are fed 


~~ 7 on 


= NY & 


Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 


q ° 


IRESET 
Fig 9—When converting complex sequential designs to PLDs, you 


can model your circuit as a group of flip-flops driven by a common 
clock. 


‘Running CUPL 








Compiler-supported symbolic names can 
represent pin variable names, internal 
device nodes, intermediate variables, — 
bit-field representations, and — 
symbolic constants. 






TIME SLOT] O1 O11/12/13/415/16/4710t1 | 
SYSCLK f= r 







IRESET=—aed 


Fig 10—This timing diagram is based on the assumption that the 
Fig 9 circuit uses a clock rate that is not significantly affected by 
propagation delays from SYSCLK to OUT, and OUT}. 


PIN1=SYSCLK !RESET—— 


PIN 2=!RESET 
PIN 13=OUT, 
PIN 14=OUT, 
PIN 15=Q, 
PIN 16=Q, 


Fig 11—Adding outputs Q, and Q, of this PLD implementation of the 
Fig 9 circuit makes each of the eight intervals in the Fig 12 timing 
cycle a unique combination of the circuit’s four outputs. 


back into the programmable array: 


TS)=!0UT,&!OUT2&!Q,&!Q,; “TIME SLOT 0*/ 
TS,=!0UT,&!0UT,&Q)&!Q,; *TIME SLOT 1*/ 
TS,=OUT,&!0UT2&1Q,&!Q,; “TIME SLOT. 2*/ 
TS;=OUT,&!0UT2& Qr&!Q,; /*TIME SLOT 3*/ 
TS,=OUT,&OUT2&!Q)&!Q,; /*TIME SLOT 4*/ 
TS;=!0UT,&OUT&!Q)&!Q,; /*TIME SLOT 5*/ 
TS.=!0UT, GOUT: &Q)&!Q,; /*TIME SLOT 6*/ 


You can now write the equations for the four registered 
outputs in terms of TS, through TS, (TS, is not needed); 
CUPL performs the following substitutions: 


OUT,.D=TS, #TS.#TS; 
OUT,.D=TS;#TS,4TS; 
Qo. D=TS)#TS.#TS; 
Q:.D=TS;. 


Once you've completed the LDF, you're ready to 


- - compile the LDF for downloading to the PLD program- 


mer. To compile the file, you type an expression that 
follows this format: | 

CUPL [FLAGS] TARGET__DEVICE__CODE 
YOUR__FILE__NAME. 
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PLDs with an inverting-output 
architecture complicate selection of 
signal polarities. 


Hucstor te et 2 ase ao 16 hor" 
SYSCLK 





RESET ———ed 


1 


2 


ees Le tees Ley 


0 


Sy oe 





Fig 12—Once you’ve rewritten the Fig 10 timing diagrams to reflect 
the PLD configuration in Fig 11, you can write a set of logic 
equations for implementing the PLD design. 


For example, the sequence CUPL -J -A P16L8 RAM- 
CNTRL compiles the source file for a RAM controller 
that is targeted for a PALI6L8. The J and A symbols 
are chosen from a table of CUPL option flags (Table 2). 
In this case, the compiler produces a JEDEC file and an 
absolute-format file to be used later by CUPL’s simula- 
tor, CSIM (Ref 1). The resulting compiled code is 
downloaded to the programmer, which then blows the 
appropriate fuses in the PLD. 

The designs discussed thus far are simple but useful 
for describing the PLD design process. The next two 
| articles will extend the discussion to more advanced 

designs, and finally, to the state-machine approach. 
EDN 
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Designer's Guide to: 
Programmable logic—Part 2 


Use PLDs to shrink 
complex, discrete 
logic designs 





As discrete combinatorial and sequential 
logic circuits become more complex, tt 
becomes more difficult to convert them to 
PLD equwalents. With the help of 
comptler-based software, though, you'll be 
converting complicated logic designs in no 
time. 


Bob Osann, Assisted Technology Inc 


Converting complicated discrete designs to their PLD 
(programmable logic device) equivalents can be an 
imposing task for the first-time PLD user or for the 
engineer who’s been laboring with outmoded PLD 
software tools. New compiler-based software, howev- 


er, makes it easy for you to implement even complex — 


logic designs with PLDs. 

This article, the second in a 3-part series on PLD 
design, introduces a few of the more advanced features 
of the compiler-based PLD design language CUPL and 
shows you how to use those features to convert compli- 
cated sequential and combinatorial SSI logic designs to 
PLD equivalent designs. Part 1 of the series demon- 
strated some elementary features of CUPL and showed 
you how to apply those features in a few simple designs. 
Part 3 will introduce CUPL’s state-machine syntax and 
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show you how to move directly from logic ideas to PLD 
implementations without developing a gate-level de- 
scription of your system. | | 


CUPL lets you use a systems approach 

The CUPL high-level PLD support language enables 
you to develop your logic designs using a systems 
approach. This approach not only speeds the design 
process but facilitates the generation of logic descrip- 
tions that are easy to understand. | 

CUPL supports a systems approach with several 
advanced features, which give you a self-documenting 
syntax, allow you to use fewer keystrokes to develop 
your systems, and let you use symbolic names that 
correspond to whatever function you're trying to imple- 
ment. CUPL also gives you a flexible format, which lets 
you describe several similar systems in less time than it 
would take to describe the systems using a more rigid 
format. 

One of CUPL’s advanced features is its bit-field 
capability, which allows you to use a single symbolic 
name to represent a group of bits (such as an address 
bus or state bit field). This feature saves you key- 
strokes when you're formulating your design equations 
and makes the resulting equations easier to read. Once 
you’ve defined a symbolic name, you can use that name 
to represent either a single hexadecimal value or a 
range of hexadecimal values. For example, in an ad- 
dress-decoding application, you could equate the sym- 
bolic name MEMADR with [ADR7, ADR6, ADR5, 


2-20 


2.1.3 CUPL, AmCUPL (Cont'd.) 





PLDs are effective replacements for both 
simple and complex combinatorial and 
sequential discrete logic designs. 


ADR4, ADR3, ADR2, ADR1, ADRO]. You could then 
substitute [ADR7.. . 0] for [ADR7, ADR6, ADR85, 
ADR4, ADR3, ADR2, ADR1, ADRO]. The resulting 
equation, FIELD MEMADR=[ADR7...], assigns 
the name MEMADR to the address bus. 


CUPL speeds bit-field comparisons 

Another CUPL feature is its “:” operator, which can 
perform bit-field comparisons and operations quickly 
and efficiently. This feature is particularly useful for 


describing such features as an address decoder. When 


the compiler is performing a bit-field comparison, the 
operator “:” compares a bit field with either a hexadeci- 
mal or an octal constant value or a hexadecimal or octal 
list of constant values (hexadecimal is the default 
value). When you’re describing an address decoder, for 
example, the statement MEMADR: [A000... EF FF] 
is true if the address MEMADR falls in the hexadecimal 
range’ A000 to EFFF (inclusively). Note that hexadeci- 
mal constant values must contain the proper number of 
nibbles‘ to include the most significant bit of the bit 
field. In the above expression, the most significant bit 
of the E in EFFF corresponds to Al5 in MEMADR. 

You can also use the “:” operator for bit-field opera- 
tions, as in the following equation: 


IOADR: & REPLACES A7T&AGEAS& ALG ASK AZEA1& AD 
IOADR: # REPLACES A7#A6#A5#A4# A3#A2#A1#A0. 


Another timesaving CUPL feature is the preprocess- 


OUTPUT (REG/INV) 


{OUTPUT (REG/INV) 





Fig 1—These two PLDs show two possible output configurations 
for a PLD with a fixed inverting output buffer. PLDs with program- 
mable output polarity eliminate the confusion that fixed output 
devices cause. 


or, which lets you write general-purpose logic descrip- 
tions that you can tailor to suit more than one applica- 
tion. For example, you might write a general-purpose 
decoder that you could adapt to 8-, 16-, or 32-bit 
applications by changing a few symbolic names and 
ranges. 

The CUPL preprocessor is a program that operates 
on the CUPL source file before it’s compiled. The 
preprocessor’s string-substitution function, for exam- 
ple, can replace one symbolic name with another until 
some condition is met. When it encounters the state- 
ment ${DEFINE ARG1 ARG2, for instance, the pre- 
processor replaces ARG1 with ARG2 until it encoun- 
ters the statement $UNDEF ARG1. You could use the 
arguments in this example to represent different ver- 
sions of your decoder. You could make ARGI1 represent, 
say, the 8-bit decoder, and you could make ARG2 
represent the 16-bit decoder. 

The preprocessor also allows you to delay inclusion of 
a file until compile time. Again, this feature lets you 
generalize your functions. For example, you could write 
several files that represent several specific cases of a 
general application. To implement different functions, 
you'd just include different file names. In the statement 
$INCLUDE FILENAME, the referenced file becomes 
part of the LDF (logic description file) only at compile 
time. 

Conditional control structures extend even further 


the ability to create generalized files. They allow you to 


IBUFFEN 





Fig 2—Address decoders are typical targets for first-time PLD 
users. A simple application like this address decoder shows how you 
can benefit from software features like macro substitution, range 
functions, and list notation. 
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TABLE 1 — MEMDEC LOGIC DESCRIPTION FILE 
PARTNO —-2600A00004 ; 


NAME ‘MEMDEC ; 
DATE 02/14/84 ; 
REV 02; 


DESIGNER = OSANN ; 

COMPANY ASSISTED TECHNOLOGY ; 
ASSEMBLY PC-RAM ; 

LOCATION U76; 


[ RERPRI AAA RAURS LES ENR SER AR AOE RSE ARSE SEAN E ANS AEN ESSE CSTR LE RT NASM See Seen eae Meee ee eee es eee Nea Nea wee 


/* THIS DEVICE DECODES ALL MEMORY ACCESSES FOR BOTH PRIMARY AND : Pot ts 

: ALTERNATE LOCATIONS. IT GENERATES THE RAS SIGNALS FOR THE FOUR +/ 
BANKS OF 16K DYNAMIC RAMS AS WELL AS THE SIGNAL THAT INITIATES _ */ 

- THE CAS SIGNALS. ee * 

I resetaohaiotelaelataelaeleleobaitelaelaitelaeteiaoteiaebaieetaibeietaeneiaelaieeiaieieiteiaelaieieileteohaleleieeiaelaiotaiaolaineiaelaicleielelaieeiaoletaedaioetaeieielataleiaelaiteleeiieiaieaiea! | 

/** ALLOWABLE TARGET DEVICE TYPES: PAL16L8, 825153, PAL16P8 : MA ae 

/** INPUTS “ | er 

PIN [1..6] = [A19..14] __ +/*CPU ADDRESS BUS */ 

PIN [7,8] = !(MEMW,MEMR] — :/* MEMORY DATA STROBES */ 

PINS = IREF_ADR_EN - /* INDICATES REFRESH CYCLE IN PROGRESS */ 

PIN 11 = IREF_RAS _»--+/* STROBE FOR RAS-ONLY REFRESH */ | 

PIN 13 = ALT.LOC _ -/* PLACE MEMORY IN ALTERNATE RANGE */ 

/** OUTPUTS **/ | _ 

PIN [19..16] = {[RAS3..0] -/* RAM ROW ADDRESS STROBES */ - 

PIN14 = ICAS_INIT :/* ENABLE CAS STROBES */ 


_ /** DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS **/ 


FIELDMEMADR —s-= [A19...14] ; * MEMORY ADDRESS */ 
MEMREQ = MEMW # MEMR : * MEMORY REQUEST */ 
/** LOGIC EQUATIONS **/ 
RAS3 MEMREQ & IREF_ADR_EN & | 
(VALT_LOC & MEMADR;[0C000..0FFFF] /* PRIMARY RANGE */ 
# ALT_LOC & MEMADR:[FC000..FFFFF)) /* ALTERNATE RANGE */ 
# REF_ADR_EN & REF_RAS ; /* REFRESH CYCLE */ 
RAS2 MEMREQ & !REF_ADR_EN & 
(\ALT_LOC & MEMADR;[08000..0BFFF] /* PRIMARY RANGE */ 
# ALT_LOC & MEMADR‘[F8000..FBFFF]) /* ALTERNATE RANGE */ 
| # REF_ADR_EN & REF_RAS ; /* REFRESH CYCLE */ 
RAS1 -MEMREQ & !REF_ADR_EN & - 
(WALT_LOC & MEMADR:(04000..07FFF] /* PRIMARY RANGE */ 
# ALT_LOC & MEMADR:[F4000..F7FFF]) /* ALTERNATE RANGE */ 
# REF_ADR_EN & REF_RAS ; /* REFRESH CYCLE */ 
RASO MEMREQ & !REF_ADR_EN & | | 
(WALT_LOC & MEMADR:[00000..03FFF] /* PRIMARY RANGE */ 
# ALT_LOC & MEMADR:[F0000..F3FFF]) /* ALTERNATE RANGE */ 
# REF_ADR_EN & REF_RAS ; /* REFRESH CYCLE */ 
CAS_INIT MEMREQ & !REF_ADR_EN & oe . 
(1ALT_LOC & MEMADR;[00000..0FFFF] ’ /* PRIMARY RANGE */ 
# ALT_LOC & MEMADR;[F0000..FFFFF)); /* ALTERNATE RANGE */ 
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compile particular portions of your LDF when you’ve 
complied with certain conditions. When you use the 
format 


$IFDEF ARG 

... STATEMENTS... 
$ELSE 

... STATEMENTS... 
$SENDIF, 


the statements are compiled only if the argument ARG 
has been defined. When you use the format | 
$IFNDEF ARG 
... STATEMENTS. .. 
$ELSE 


... STATEMENTS... 
$ENDIF, 


the statements are compiled only if the argument ARG 
has not been defined. 


Output programmability saves space 


One CUPL feature that can save you considerable 
space in your design is the language’s ability to support 
a PLD with programmable output polarity. For PLDs 
with this feature, the CUPL compiler chooses whichev- 





By using symbolic names to represent bit 
fields such as address buses, you can not 
only save keystrokes, but you can make your 
designs virtually self documenting. 


er output polarity results in logic equations that use the 
smallest number of product terms. Although output- 
programmability support is a useful PLD option, many 
widely used PLDs contain inverting output buffers that 
are fixed instead of programmable. The examples that 
follow demonstrate the limitations of PLDs that don’t 
have programmable output polarity. | 

For instance, Fig 1 illustrates the architecture for a 
PLD that uses a single D flip-flop and an inverter in its 
output stage. Fig la shows a design that uses an 


~ active-high output name, and Fig 1b shows one that 


uses an active-low output name. The pin declarations 
for Fig la are 


PIN 1 = CLOCK 
PIN 2 = INPUT 
PIN3 =G 

PIN 18 = !OUTPUT. 


To see why support for output programmability is so 
important, imagine that the flip-flop’s output is fed 
back to keep it set. The polarity used in the output 
name makes a significant difference in the number of 
product (P) terms that are fed back. 
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Fig 3—Memory decoders (MEMNEC) peo. 
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challenging application tor PLD conversions. This decoder is a portion of a dynamic RAM 
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TABLE 2— RFSHCNT LOGIC DESCRIPTION FILE 
PARTNO 2600A00005 ; 


NAME RFSHCNT ; 
DATE 02/19/84 ; 
REV 02 ; 


DESIGNER OSANN ; 
COMPANY ASSISTED TECHNOLOGY ; 


/ SEARESESSHASASESANAA RAPER NERA NHSATA ANNA RSS SS AAA A SERASAN EER SASERSESEARARRASES CEEEEAL ER RAE TERRE RATAN SEERA SRE RANE NEARY Tes 


/* THIS DEVICE RESPONDS TO THE REFRESH REQUEST(REF_REQ) GENERATED | * 
/* BY THE REFRESH INTERVAL TIMER. IT PRODUCES THE SIGNAL WHICH fel 
/* GATES THE REFRESH COUNTER ADDRESS INTO THE RAM ADDRESS BUS */ 
/* ASWELL AS THE REFRESH RAS STROBE AND THE CLEAR PULSE FOR . */ 
/* THE REFRESH INTERVAL TIMER. — a 
Tala aah iach all aati laa da ahhh alc al leaded ah Pd ah kaha balaleltbaial | 
/** ALLOWABLE TARGET DEVICE TYPES: PAL16R6, 82S157 i 
/** INPUTS **/ 

PIN 1 - CLK -/* CPU CLOCK */ 

PIN 2 ~ REF_REQ : “REFRESH REQUEST FROM INTERVAL TIMER */ 
PIN 3 = IBUS_AK - /* BUS ACKNOWLEDGE FROM CPU */ 

PIN 4 =: RESET :/*SYSTEMRESET’ 

PIN 11 = {OE -/* TIED TOGROUND*/ 

/** OUTPUTS °*/ 

PIN 18 = IBUS_REQ : /* BUS REQUEST TO CPU */ 

PIN 17 = IREF_ADR_EN ; /* ENABLE REFRESH ADDRESS */ 

PIN 16 = IREF_RAS ; * STROBE FOR RAS-ONLY REFRESH */ 

PIN 15 = !REF_RAS_DLY1 - /* REF_RAS DELAYED 1 CLOCK */ 
PIN 14 = IREF.RAS_DLY2  . ;/* REF_RAS DELAYED 2 CLOCKS */ 

PIN 13 = ICLR_REF_TMR © : /* PULSE TO CLEAR RFRSH INTERVAL TIMER */ 
/** DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS **/ | 

FIELD ST = [BUS_REQ, /* ALL OUTPUTS ARE PART OF */ 

| REF_ADR_EN, /* THE STATE BIT FIELD. */ 
REF_RAS, 


REF_RAS_DLY1, 
REF_RAS_DLY2, 


CLR_REF_TMR] ; 
/** LOGIC EQUATIONS **/ 
BUS_REQ.D = !IRESET & 
IBUS_REQ & REF_REQ PP SETIT*/ 
# BUS_REQ & ( ST:20 # ST:30 ) /* KEEP IT SET */ 
| # ST:38 # ST:3C _/* KEEP IT SET */ 
_# ST:3E ) ); | /* KEEP IT SET */ 
REF_ADR_EN.D = IRESET& SO 
(!REF_ADR_EN & BUS_AK & BUS_REQ f* SET IT */ 
# REF_ADR_EN & ( ST:30 # ST:38. 3  {* KEEP IT SET */ 
# ST:3C # ST:3E) ); KEEP IT SET */ — 


REF_RAS.D = !RESET & (ST:30 # ST:38 # ST:3C) ; 
REF_RAS_DLY1.D = !RESET & (ST:38 # ST:3C # ST:3E) ; 
REF_RAS_DLY2.D = IRESET & (ST:3C # ST:3E # ST:36) ; 
CLR_REF_TMR.D = !RESET & ST:36 ; 
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If you choose an active-high output name, the logic 
equations are 


OUTPUT.D = G & INPUT /* UPDATE WITH INPUT */ 
#!G & OUTPUT /* MAINTAIN CURRENT OUTPUT */ 
/* VIA INTERNAL FEEDBACK PATH “/. 


Because of the inverting output buffer, the equations 
that you must program into the array are 
{OUTPUT.D = \G & INPUT # !G & OUTPUT) 
!OUTPUT.D = !G & !OUTPUT # IINPUT & G # 
| | {INPUT & !OUTPUT. 
Notice the extra product terms that are created. If, on 
the other hand, you choose an active-low output name, 
the pin declarations are 
PIN 1 = CLOCK 
_ PIN 2 = INPUT 


PIN3=G 
PIN 18 = !OUTPUT, 


and the final equations are. 


OUTPUT.D = G & INPUT /* UPDATE WITH INPUT */ . 
# !G & OUTPUT /* MAINTAIN CURRENT OUTPUT */ | 


/* VIA INTERNAL FEEDBACK PATH */. 


As you can see, when PLDs have fixed inverting 
buffers, the active-low output condition requires the 
fewest number of P terms. 

Now that you're familiar with CUPL’s features, 
you’re ready to apply them to more complicated sys- 
tems. When a logic designer uses a PLD for the first 
time in a new design, the designer’s target area is often 
the address-decode function. Fig 2 shows a simple 
1/O-decoding circuit that creates a buffer-enable signal 
for I/O reads or writes when the decoded address falls 
in the hexadecimal range 10 through 12, inclusively. If 
you were to implement this address-decoding function 


using assembler-based software, your equations would © 


look like the following ones: 


BUFFEN=IORD*/A7*/A6*/A5* A4*/A3*/A2"/A1*/A0 
+IORD*/A7*/A6*/A5*A4*/A3*/A2*/A1* A0 
+IORD*/A7*/A6*/A5*A4*/A3*/A2* A1*/AO 
+TOWR*/A7*/A6*/A5*A4*/A3*/A2*/A1"/A0 
+IOWR*/A7*/A6*/A5* A4*/A3"*/A2*/A1* AO 

_ +TOWR*/A7*/A6*/A5*A4*/A3*/A2* A1*/A0. 


_If you were to implement the address-decoding func- 
tion using CUPL, your equations would look like this: 


FIELDADR = [(A7. .-0}; 
IOREQ = IORD # IOWR; 
_ BUFFEN = IOREQ & ADR:(10. . 12);. 


To write equations using CUPL, you first define the 
address bus as a bit field where ADR=[A7. . . 0]. The 





Conditional control structures improve 
compiler flexibility. They allow the compiler 
to delay decisions until certain predefined 
conditions are met. 





compiler then substitutes {|A7... 0] whenever it sees 
ADR. You then combine the strobe signals and give 
them the arbitrary name IOREQ where IOREQ 
=IORD#IOWR. Finally, you write an equation for the 
output BUF FEN in terms of the intermediate variables 
IOREQ and ADR so that BUFFEN=IOREQ&ADR;[10 

. 12]. The list-notation and range functions, as well 
as macro substitution, are all used here. The final code 
takes less time to write and is much easier to read than 
code written in an assembler-based language, and it’s 
virtually self documenting. 

Fig 3 shows the CUPL design technique in a more 
complicated decoder application, a dynamic RAM con- 
troller. The PLD MEMDEC in Fig 3 provides the 
memory decoder function. It supplies four 16k x8-bit 
banks of dynamic RAM with RAS (row address strobe) 
signals and generates a signal that initiates the CAS 
(column address strobe). The initiating signal first 
passes through a delay line and then recombines with 
the RAS signals to produce the CAS. | | 

MEMDEC decodes address bits A19 through A14 of 
a 20-bit address space and maps the 64k-byte block to 
either the top or the bottom of the memory map shown 
in Fig 4. The jumper-selectable input called ALT_LOC 


MEMORY 
MAP 





Fig 4—This memory map shows two possible locations for address 
bits A19 through Als of a 20-bit address space. MEMDEC decodes 
the bits and maps the 64k-byte block to either the top or the bottom of 
the memory map. 
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determines whether the top or the bottom of the 
memory map is used. Table 1 shows a completed LDF 
for the memory decoder. 

Not only does CUPL simplify combinatorial designs, 
but it’s useful for implementing sequential designs as 
well. Because }’I.Ds contain both the logic array and 
registers in the same package, they’re particularly 
powerful for implementing registered logic. The PLD 
named RFSHCNT in the RAM controller shown in Fig 
3 handles the sequential aspects of refresh control for 
the dynamic RAM in a typical »P system. 

RFSHCNT responds to a refresh signal from the 
refresh internal timer (usually 14 psec) by driving the 
CPU’s bus-request line high. After receiving a bus- 
acknowledge signal from the CPU, RFSHCNT then 
generates signals for address MUX control and RAS- 
only refresh timing. 

RFSHCNT also provides a signal that resets the 
refresh interval timer and clocks the refresh-address 
counter. Fig 5 shows the timing diagram for 
RFSHCNT. Note that the registered output signals 
are shown as logical true even though the actual 
outputs are active low. Because the equations are based 
on signals in the timing diagram, in order for the 
registered outputs to be shown as logical true, the 
target device must have either an inverting output 


(STATE) TIME SLOT | 00 | 20 | 30 | 38 





Programmable-output capability allows the 
comptler to save PLD space. Thus, you'll 
need fewer PLDs when you’re converting 
your design. 


buffer or programmable-output-polarity capability. 

Table 2 shows the LDF for RFSHCNT. The LDF 
uses the hexadecimal values that define the time slots 
shown in the timing diagram. Note the use of CUPL’s 
bit-field capability in the equations that specify the D 
flip-flop’s state. 

CUPL’s compiler-based techniques simplify the con- 
version of complicated SSI circuits to their PLD equiva- 
lents. Part 3 of this series will show you how to simplify 
the logic design process even further by using the 
state-machine approach. EDN 


Author’s biography 

Bob Osann is president and chief executive officer at As- 
sisted Technology Inc (San Jose, CA). He received his 
BSEE from Cornell University and was previously em- 
ployed at Millennium Systems Inc (Santa Clara, CA). Bob 
holds three patents in the areas of consumer and industrial 
electronics. His interests include sports cars, airplanes, 
and music. 


ee ee 


eck S| LILIFLS LU US LS LS LS LS LL 
(IN) REF_REQ j . 3 
(OUT) BUS_REQ ~ | | | 


(IN) !BUS_AK l [ 
(OUT) REF_ADR_EN j | 


(OUT) REF_RAS NS eae eee | Se as Cee 

(OUT, NC) REF RAS_DLY1. ee ge 
(OUT, NC) REF RAS_DLY2 eet ee ee 
(OUT) CLR REF_TMR a eee, Gi: eee aan 


Fig 5—The registered output signals shown in this timing diagram for RFSHCNT are shown as logical true even though the actual outputs 
are active low. Because the equations are based on the timing diagram, the target device must be inverting, or it must have 


programmahle-output capability. 
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Designer’s Guide to: 
Programmable logic—Part 3 


State-machine 
approach speeds 
ogic design 





To exercise a PLD’s full potential for 
shortening design time and improving 
documentation, use the state-machine 
approach. This approach lets you formulate 
a behavioral description of your system and 
implement it directly in a PLD, without 
ever developing an equation-level 
representation. 


Bob Osann, Assisted Technology 


Using the state-machine approach and a compiler-based 


PLD design language like CUPL, you can bypass the | 


gate- and equation-level stage in logic design and move 
directly from a system-level description to a PLD 
implementation. Unlike assembler-based approaches, 
the state-machine approach lets you document your 
design in a.manner that’s understandable to future 
users of your design. 

Actually, few logic designers currently use the state- 
machine approach in their logic designs. This isn’t 
surprising: The technique seems difficult to learn at 
first. But CUPL makes the state-machine approach less 
formidable by handling many of the decisions you would 
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normally have to make. Furthermore, CUPL gives you 
a general and simple state-machine model like the one 
shown in Fig 1. The software automatically fits the 
model to your application. : 


Defining the state model 


In general, a state machine is a logic circuit with 
flip-flops. Because a flip-flop’s output can be fed back to 
its own or some other flip-flop’s input, a flip-flop’s input 
value may depend on both its own output and that of 
other flip-flops. Consequently, the final value for a 
flip-flop’s output depends on its own previous values, as 
well as those of other flip-flops. 

The CUPL state-machine model uses six compo- 





NONREGISTERED OUTPUTS 


REGISTERED 
OUTPUTS 


STATE BITS 





Fig 1—State-machine theory can be complicated, but CUPL allows 
you to abstract from the theory’s complicated details. Using this 
simple model and an easy-to-learn syntax, you can quickly con- 
struct state-machine models of your system. 


2-27 


2.1.3 CUPL, AmCUPL (Cont'd.) 


CLOCK 


STATE BIT 


REGISTERED 
OUTPUT 


NONREGISTERED OUPUT 
(DEPENDS ONLY ON STATE) 


INPUT 


NONREGISTERED OUTPUT 
(DEPENDS ON STATE AND INPUT) 





When you use the state-machine approach, 
you dowt have to write a logic-equation- 
level description of your system before 
implementing it ina PLD. 





Fig 2—This timing diagram characterizes CUPL’s simple state-machine model. The setting or resetting of the registered output depends on 
the status of the state bit. Conversely, nonregistered outputs can depend vither on only the current state bit’s status or on both the state bit’s 


status and the input’s status. 





nents: inputs, combinatorial logic, storage registers, 
state bits, registered outputs, and nonregistered out- 
puts. Fig 2 shows the timing relationships between 
these components. 

Inputs are signals entering the device that originate 
in some other device. Combinatorial logic is any combi- 
nation of logical gates (usually AND-OR) that produces 
an output signal that’s valid T,« (propagation delay 
time) nsec after any of the signals that drive these 
gates changes. Ti is the time delay between the 
initiation of an input or feedback event and the occur- 
rence of a nonregistered output. 

State bits are storage-register outputs that are fed 
back to drive the combinatorial logic. They contain the 
present-state information. Storage registers are any 
flip-flop elements that receive their inputs from the 
state machine’s combinatorial logic. Some registers are 
used for state bits, while others are used for registered 
outputs. The registered output is valid T,. nsec after 
the clock pulse occurs. T,, is the time delay between the 
initiation of a clock signal and the occurrence of a valid 
flip-flop output. : 

For the system to operate properly, you-must meet 
your PLD’s requirements for setup and hold times. For 
most PLDs, the setup time (T,,) usually includes both 
the propagation delay of the combinatorial logic and the 
actual setup time of the flip-flops. T;, is the time it takes 
for the result of either a feedback or an input event to 
appear at the input to a flip-flop. A subsequent clock 
input cannot be applied until this result becomes valid 
at the flip-flop’s input: These flip-flops may be either D, 


RS, or JK types (but RS and JK types are used more 
often in state-machine implementations because they 
require fewer product (P) terms than D types do). 

Nonregistered outputs are outputs that come direct- 
ly from the combinatorial logic gates. They may 
be functions of the state bits and the input signals (and 
have asynchronous timing), or they may be purely 
dependent on the current state-bit values, in which case 
they become valid cle nsec after an active clock 
edge occurs. 

Registered outputs are outputs that come from the 
storage registers but are not included in the actual 
state-bit field (ie, a bit field composed of all the state 


_ bits). State-machine theory requires that the setting or 


resetting of these registered outputs depend on the 
transition from a present state to a next state. This 
allows a registered output to be either set or reset in a 
given state, depending on how the machine came to be 
in that state. Thus, a registered output can assume a 
“don’t care” operation mode. In the “don’t care” mode, 
the registered output will remain at its last value as 
long as the current state transition does not specify 
that registered output. 


The state-machine syntax 


To help you implement this state-machine model 
quickly, CUPL supplies a general and simple state- 
machine syntax. This syntax gives you a single, simple 
format that allows you to describe any function in the 
state machine. The general format for the state-ma- 
chine syntax is 
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SEQUENCE state_bit_field { 

PRESENT present_state 
IF input_cond NEXT next_state OUT outputs ; 
IF input_cond NEXT next_state OUT outputs ; 
TF ees 

PRESENT present_state 
IF input_cond NEXT next_state OUT outputs ; 
IF input_cond NEXT next_state OUT outputs ; 
1 ee 

PRESENT... 


} 


Each present-state block within this format de- 
scribes both asynchronous (present state) and synchro- 
nous (transition) activity. Using this format, you can 
describe any component of the state machine. For 
example, the formats for registered outputs would be 


IF input_cond NEXT next_state OUT outputs 
ere ype 
CONDITIONAL OUTPUT ASSOCIATED 
TRANSITION WITH TRANSITION 
or 
NEXT next_state OUT outputs 
UNCONDITIONAL OUTPUT ASSOCIATED 
TRANSITION WITH TRANSITION, 


depending on whether the transition is conditional or 
not. To use these equations for describing your system, 
you need to learn how to use the CUPL keywords. For 
example, when you use a Next statement, you're telling 
the compiler that all of the outputs in that block are 
registered outputs whose values depend on transition 


STATE 
DIAGRAM 


OUT 
! REG_OUT 


NON__REG__OUT =INPUT 
OUT REG__OUT — 





information (ie, information about the transition from 
the present state to the next state). Using the If 
statement signifies a conditional event. When you use 
the If keyword in a nonregistered description, you 
signify that the input and output events will have an 
asynchronous dependence. The absence of a Next key- 
word signifies a nonregistered event. 

For nonregistered outputs, you would use the format 


IF input_cond OUT outputs 
‘—meneemeneeemecetnnatenanyeececeermmeccmmeinammreed  \aueareeeraytecae 


INPUT CONDITION NO STATE OUTPUTS ASSOCIATED 
AFFECTS OUTPUT TRANSITION WITH INPUT CONDITION 
AFTER Ty AND PRESENT STATE. 


or 


OUT outputs 


——nenyccmeneens — eared 
NO INPUT NO STATE OUTPUT ASSOCIATED 
CONDITION TRANSITION SOLELY WITH PRESENT 
_. STATE. VALID 
To + Ty AFTER 
CLOCK. 


Much of the reason for choosing either the registered 
or nonregistered format for an output depends on the 
system timing. For fully synchronous systems that 
require tight timing, the registered output provides 
fast response—it responds within T,, nsec after the 
occurrence of a clock pulse. This quick response gives 
the circuit time to use that registered output as an 
input somewhere else in the circuit before the next 
clock pulse occurs. | 

Conversely, you would use the nonregistered output 
in asynchronous applications. You would also use the 


NON__REG_OUT 


REG__OUT 


Fig 3—This model for a free-running 2-bit counter demonstrates CUPL’s state-machine syntax. The counter has one input, one 


nonregistered output, and one registered output. 
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nonregistered output in simpler applications, such as 
present-state decoders. 

To better understand the state-machine model and its 
syntax, consider a simple example: a free-running 2-bit 
counter with one input, one registered output, and one 
nonregistered output. Fig 3 shows the state-transition 


diagram. The circles represent states (specific combina- 
tions of the state bits), and the arrows represent the 


‘transitions between states. Because the transitions in 


this example are unconditional, the counter is free- 
running. Accordingly, the logic description uses no If 


keywords in statements that signify a Next state. The 








The function-table approach 


To design logic systems with 
PLDs, you could use the func- 
tion-table approach, which com- 
plements the state-machine ap- 
proach. The function-table 
approach is useful in applications 

~such as code converters, where 
input/output relationships are 
best represented in tabular 
form. 

CUPL’s parallel-operation ca- 
pability makes it easy for you to 
develop these tabular represen- 
tations. Using that feature, you 
can declare bit fields and use 
them on either the right or left. 
side of the equation. 

The parallel operation feature 
allows you to operate uniformly 


| 


je? 


PIN 1 
PIN (2.5 
PIN [6..9 
PIN 13 
PIN 19 
PIN 12 
PIN 11 


INPUTS 





ft Wow 









/** OUTPUTS 


PIN1S 
PIN16 


GATED MUX 
 PALIER4 
OR 
. 928155 


Fig A—In code-conversion applications, 
like this dual 4-to-1 multiplerer, you can 
best describe the system using a tabular 
pate 





/* ALLOWABLE TARGET DEVICE TYPES : : PALI6R4 , 825155 
/* 


al | 


CLOCK. 



























TABLE A—GATED MUX LOGIC DESCRIPTION FILE 


PARTNO- PL10007; 

NAME - GATED MUX; 

DATE 09/17/84; 

REV 01; 

DESIGNER ARONSON: 

COMPANY ASSISTED TECHNOLOGY: 
ASSEMBLY PC__IO; 

LOCATION ~—_-U23, 


Fe eee Ee RN BES REE SS SE Ee ee ee 


1* THIS DEVICE FUNCTIONS AS A DUAL 4-TO-1 MUX WITH INVERTING 
J* REGISTERED OUTPUTS. THE MUX OUTPUTS ARE ONLY CLOCKED INTO THE 
- REGISTERS WHEN THE | GATE INPUT Is ACTIVE. 


e 


| 
+] 
Steen nett en eae ne naa nena naan tana len | 


® 


aa ak Baa aaa aca | 


;/* SYSTEM CLOCK */ 


B3..0} |: /* INPUT GROUP B */ 

A3..0] : * INPUT GROUP A */ 

SEL1 -/* SELECT 1 */ 

SELO : /* SELECT 0 */ 

GATE “1* GATES MUX OUTPUT INTO REGISTER */ 
(OE Bar OUTPUT ENABLE */ 

ml | Ro | 

v1 - /* REGISTER OUTPUT FROM GROUP B */ 
IYO : /* REGISTER OUTPUT FROM GROUP A */ 


/** DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS **/ 


FIELD OUT = [Y1..0];  /* OUTPUT BITS */ 
FIELD SEL = [SEL1..0] ; /* SELECT CONTROL BITS */ 
/** LOGIC EQUATIONS **/ | 
OUT.D = IGATE & OUT SETAE RSE TURE R ee Ea 
# GATE & ( (83. A3] & SEL:3 /* NOTE: . 
rEEATESEL? [SUE EQUATION occnOES 
4 , * * 
SEL1_ 13] SELO # (BO,A0] & SEL:'0);  /** “| 
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nonregistered output is active on a count of two (S2) 
when the input is active. The registered output is set on 
the transition from S2 to S3 and reset on the transition 
from S3 to SO. Table 1 gives the logic description for 
the counter. 

An application that incorporates hysteresis shows the 





To make the state-machine approach easter 
to learn, CUPL uses a model that incor- 
porates both the Mealy and Moore models. 
You use the same model for all cases. 


importance of using transition information in addition 
to present-state information. Consider, for instance, a 
circuit that performs threshold detection on an analog 
signal, but requires a hysteresis band both wider and 
more accurate than the hysteresis band an analog 
comparator could achieve. In such an application, you 








TABLE B—HEXDISP LOGIC DESCRIPTION FILE 





PARTNO —- CT0002: 
NAME HEXDISP; 
DATE 6/5/84; 
REV 01: HEXDISP 
DESIGNER‘ T KAHL; | 928123 
COMPANY ASSISTED TECHNOLOGY INC; OR 
ASSEMBLY _ DISPLAY__BOARD:; | EQUIVALENT 
LOCATION U7; 
[LEE ES SAAT E SEES EAE TES EES SESE ENN A EE REESE ETS AE EOE ES ARTS 
/* THIS 1S A HEXADECIMAL-TO-SEVEN-SEGMENT A */ 
/* DECODER CAPABLE OF DRIVING COMMON-ANODE jee a] 
/* LEDS. IT INCORPORATES BOTH A RIPPLE- Ey OSB ‘/ 
/* BLANKING INPUT (TO INHIBIT DISPLAYING 1G 4 aay 
/* LEADING ZEROES) AND A RIPPLE-BLANKING "tele a 
/* OUTPUT TO ALLOW FOR EASY CASCADING OF , ' */ 
/* DIGITS. Ee" 4C */ 
Low 
* "D * Fig B—Though a PROM was used to 
SU cee ee ees are ee ee Se aks Foe. implement this simple hexadecimal-to-7 
I" ALLOWABLE TARGET DEVICE TYPES: 32 x 8 PROM (628123 OR EQUIV) | */ neoment decoder: you could use the sante 
function table to implement this state ma- 
** INPUTS **/ chine in a PLD. 
BIN [10..13], = [00.9] ; _1* DATA INPUT LINES TO DISPLAY 7) 
PIN 14 = IRBI; /* RIPPLE BLANKING INPUT ‘/ 
/** OUTPUTS **/ an entire sear ee 
ription 
PIN (7..1] = = A.B .B,C,D,E,F,G]; /* SEGMENT OUTPUT LINES ] It's easy to write a descript 
/* RIPPLE BLANKING OUTPUT ‘/ in this manner, as you can see 
I** DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS **/ from Fig A’s 4-to-1 multiplexer, 
FIELD DATA = [D3..0}; /* HEXADECIMAL INPUT FIELD 7) which has an inverting regis- 
FIELD SEGMENT =[A,B,C,D,E,F,G] ; /* DISPLAY SEGMENT FIELD a tered output. Table A contains 


the multiplexer’s LDF. 
~The hexadecimal-to-7 segment 


$DEFINE ON 'b’1 
$DEFINE OFF ‘b‘0 


/* SEGMENT LIT WHEN LOGICALLY ‘‘ON”’ */ 
/* SEGMENT DARK WHEN LOGICALLY 


“OFF” 

/** LOGIC EQUATIONS **/ decoder in Fig B also lends itself 

Yr OR B cop « eG. well to tabular representation. 
SEGMENT = Again, bit-field notation is con- 
"0+ ON, ON, ON, ON, ON, ON, OFF] & DATA:O & !RBI . sae . 
1 iy # OFF 0 ; oh OFF OFF, OFF. OFF] & DATA:1 venient for describing the logical 
"2° # N, OFF, N, ON, OFF, ON} & DATA:2 . . 
31 # [ON ON, ON, ON, OFF, OFF, ON} & DATAS function. Incidentally, because 
"4° # ; N, OFF, OFF, ON, ON) & DATA:4 +? ; ‘reli is j : 
i 5 */ # [ON OFF, ON, ON, OFF. ON; OFF] & DATA‘S it’s a simple circuit, this imple- 
"6"! # [ON, OFF, ON, ON, ON, ON, OFF] & DATA‘ mentation uses a PROM as the 
7 # [|ON, ON, ON,’ OFF, OFF, OFF, OFF] & DATA:7 : ces ; 
I 8 "| # ON, ON, ON, ON, ON, ON, ON} & DATA‘B target device (because 16 pins | 
*9*/ # N, OFF, OFF, ON, ON} & DATA:9 . : 
4 i y ’ , ’ N, N, : i i 
nc t/ # [ON, OFF, OFF, ON, ON, ON, OFF] & DATA‘C are inexpensive), but you cou 
Do # jOrr, ON. an ON «ON, 2 OF ON} & DATA also implement these function 
ay # [ON. OFF. OFF, OFF, ON; ON;  ON| & DATA‘; tables in PLDs. Table B con- 


RBO = RBI & DATA.0: tains the decoder’s LDF. 
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TABLE 1—LOGIC DESCRIPTION FOR 2-BIT COUNTER 


FIELD COUNT =[Q1, QO}; 


/* LET’S CALL THE STATE BIT FIELD “COUNT” */ 


[RATA ER ER AEE EAHA RHEE ETHER EE HERE R EE RES ENA EE EERE EE 


$DEFINE SO 0 
$DEFINE S1 1 
$DEFINE S22 /* 
$DEFINE S3 3 


/*DEFINE SYMBOLIC NAMES FOR THE ACTUAL STATE BIT CONSTANT ‘*/ 
/* VALUES USING PREPROCESSOR COMMANDS. CONSTANTS DEFAULT */ 
TO HEX AND REPRESENT VALUES OF “COUNT” WITHIN THE */ 
/* “SEQUENCE” BLOCK BELOW. */ 


[ARR ERR EERE EERE RE EEE ER TEER ER RRR EE 


SEQUENCE COUNT { I 


PRESENT SO 
PRESENT S1 
PRESENT $2 
PRESENT S3 


NEXT S1; 
NEXT S2, 
NEXT S3 OUT REG__OUT; 


NEXT SO OUT !REG__OUT ; } 


need transition information in order to achieve hystere- 
sis. One way to solve this problem would be to con- _ 


struct a tracking A/D converter in which the threshold 


detector output (digital Schmitt-trigger output) is a_ 


registered output of the state machine (Fig 4). 

The three counter bits that feed the D/A converter 
compose the state bits. To create the hysteresis, you set 
the trigger output only on the transition from S5 to S6 
and reset the trigger only on the transition from S2 to 
S1. At all other times, you place the trigger output in a 
“don’t care” state. The trigger output may have differ- 
ent values in states S2 through S5 depending on how 
the machine arrived at those states. | 

Fig 5 shows a state diagram for the system. All 
states in which you can set the trigger output are shown 
on top and all states in which you can reset the trigger 





IF INPUT OUT NON__REG__OUT; 








NOTE USE OF BRACES FOR ENCLOSING ee */ 
SEQUENCE DESCRIPTION BLOCK. *] 


/* | ASYNCHRONOUS WITHIN S2 _ 
i" SETS ON TRANSITION 


/* RESETS ON TRANSITION 


COMPARATOR 


| TRIGGER 
DIRECTION } 


Fig 4—To realize the hysteresis function in ‘this state-machine 
model for an analog comparator with digital hysteresis, you must set 


_ or reset the registered output by using transition information rather 


than present-state information. 


TRIGGER = 1 


Fig 5—The state diagram for the iualog comparator with hysteresis shows that a state’ s value can be history- dependent. The trigger output 
can have different values in states S2 eamigh S5 al sel on how the machine arrives at those states. 
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The CUPL state-machine syntax allows you 
to specify any state-machine component 
with a single format, thus simplifying the 
state-machine description. 


TABLE 2—SCHMITT LOGIC DESCRIPTION FILE 





PARTNO CT0001; 

NAME SCHMITT; 

DATE 6/30/84 ; 

REVISION 01; 

DESIGNER ~ T KAHL, 

COMPANY ASSISTED TECHNOLOGY INC; 
ASSEMBLY ANALOG__INTERFACE; 
LOCATION ~=—-U27; 
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reew een renee eer hee Rew RR eee eee eee ewe ee Ree He HR Ree ee eRe eee Ree ee Re 


/* THIS DEVICE RECEIVES A ‘COUNT DIRECTION’ COMMAND FROM AN ANALOG rt 
/* COMPARATOR AND RESPONDS BY INCREMENTING OR DECREMENTING AN */ 
/* INTEGRAL UP/DOWN COUNTER. A REGISTERED OUTPUT IS CREATED AND ACTS a 
/* AS A DIGITAL SCHMITT TRIGGER WITH HYSTERESIS. 


Bnet dla ae eR Cite ARB a reer ney ee eee eee 


/** INPUTS 


PIN 1 
PIN 2 


/** OUTPUTS **/ 


PIN [14..16] 
PIN 17 


al oe 
RIG 


CLOCK: 
DIRECTION; 


/* CLOCK PIN FOR THE COUNTER ‘*/ 
/* DIRECTION OF COUNT MODE PIN */ 


/* COUNTER STATE BITS */ 
/* SCHMITT TRIGGER OUTPUT BIT _*/ 


aan DECLARATIONS AND aes s, VARIABLE DEFINITIONS **/ 


UP = DIRECTION 
IDIRECTION:; 


FIELD COUNT = 


DOWN = 


$DEFINE SO 0 
$DEFINE S1 1 
$DEFINE S2 2 
$DEFINE S3 3 
$DEFINE S4 4 
$DEFINE S5 5 
$DEFINE S6 6 
$DEFINE S7 7 


[Q2..0}; 


SEQUENCE COUNT { 


PRESENT SO 
PRESENT S1 
PRESENT S2 


PRESENT S3 


PRESENT S4 
PRESENT S5 
PRESENT S6 


PRESENT S7 


IF UP 
IF DOWN 


IF UP 
IF DOWN 


IF UP 
IF DOWN 


IF UP 
IF DOWN 


IF UP 
IF DOWN 


IF UP 
IF DOWN 


IF UP 
IF DOWN 


IF UP 
IF DOWN 


* COUNTER MODES nt 


/* FIELD FOR COUNTER STATES */ 


/* COUNTER STATES DEFINED AS */ 
/* STATES 0 THRU 7 */ 


NEXT S1; 
NEXT SO; 


NEXT S2; 
NEXT SO; 


NEXT S3; 
NEXT S1 


NEXT S4; 
NEXT S2; 


OUT !TRIGGER; 


NEXT S5; 
NEXT S3; 


NEXT S6 
NEXT S4 


NEXT S7; 
NEXT S5; 


NEXT $7; 
NEXT S6; 


OUT TRIGGER; 
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are shown on the bottom. Note that states S2, S3, S4, 
and S5 appear twice because they can have two differ- 
ent values. Each state’s value depends on the system’s 
previous state. | 

Note also that the state bits in this application supply 
information to the outside world; in this case, the 
information consists of inputs to a D/A converter. When 
you give the PLD access to the outside world, you 
deviate from the standard Mealy and Moore state- 
machine models, but you can squeeze more logic into 
your PLD. 

Table 2 gives the state machine’s logic description 
file (LDF). In the LDF, you declare the state bits as a 
bit field and give them the symbolic name “Count.” 
Next, you use the input Direction to define names for 
the Up and Down counter modes. You then complete 
the numerical state assignment for states SO through 
S7 by using the $Define command from CUPL’s pre- 

_ processor. | 

In defining the state machine, you use If and Next 
keywords for every present-state block. When you use 
Next, you indicate that the state machine’s activity is 
synchronous; when you use If, you indicate that the 
transitions are conditional. The transitions’ direction 
depends on the direction the counter counts in, which is 
in turn determined by the value of the Direction input. 

Though applications like counters and comparators 
with hysteresis may not seem very complicated, they 
serve to show that designing with PLDs is a straight- 
forward task, whether you’re using the devices to 
replace existing designs or using them in a state- 
machine design. EDN 
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AmCUPL — The High-Level Software Tool for 
PAL Designs 


To provide a low-cost, high-level design-aid software tool for 
AMD's programmable logic devices, AMD and Personal CAD 
Systems have developed AmCUPL. With AmCUPL, you can 
create custom-design solutions using AMD's PAL devices in a 
matter of minutes. This shorter design cycle and other benefits 
such as lower cost, higher performance, and higher reliability 
result in a significant competitive advantage in your market- 
place. 


High-Level Design Support 


AmCUPL has many features which make it extremely powerful 
and easy to use: 

® Choice of logic description formats: 

- State diagrams 

- High-level Boolean equations 

- Truth tables 

Portfolio of four different logic minimization algorithms 
Automatic enhanced DeMorgan expansion capability 
PALASM-to-AmCUPL translator 

User-defined logic functions 

User-friendly syntax 

Built-in logic simulator 


Full Support for AMD PAL Devices at a Very Low 
Cost 


AmCUPL supports all the advanced PAL devices from AMD, 
including the AmPAL22V10 and AmPAL18P8. All the ad- 
vanced features of these devices, including programmable 
output logic macrocells, programmable output polarity, and 
distributed product terms, can be effectively used with Am- 
CUPL. Future releases of AMCUPL will support upcoming PAL 
devices from AMD. 


Yet, AmMCUPL provides all this support at a very low cost. This 
includes full user support from Personal CAD Systems, inc., of 
San Jose, California. 


Easy Upgrade Path 


When you purchase AmCUPL you have an option to upgrade 
to CUPL from Personal CAD Systems within one year. The. 
AmCUPL cost can be credited against this upgrade. CUPL 


. Offers the same functionality as AmCUPL but also supports 
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PAL devices from other vendors. The PC/MS-DOS version of 
AmCUPL is distributed by AMD on IBM formatted 5-1/4' 
floppy disks; a CUPL manual is included. 


AmCUPL — The cost-effective, easy-to-use, and complete 
design tool for your custom design inventions. For additional 
information on AmMCUPL or other AMD PAL devices, contact 
one of AMD's sales offices, authorized reps, or distributors. 


2.1.4 PLPL 


Programmable Logic Programming Language (PLPL) is a new 
design tool that makes it easy to design, verify, and test logic 
functions that are to be implemented with programmable logic 
devices. It is an integrated, top-down, hierarchical, and com- 
plete design language which provides clear problem definition 
in a variety of ways. This results in solutions that are self 
documenting. PLPL allows multiple-input formats which means 
the function of a device can be expressed in terms of a state 
transition or truth table, high-level constructs, or Boolean 
equations. 


in a summary, PLPL is the heart of a new programmable logic 
computer-aided design (CAD) environment that allows you to 
take full advantage of the benefits associated with using 
programmable logic devices. It aids in: 

@ Defining the problems to be soived 

Creating a solution 

Verifying the solution by simulation 

Generating test vectors 

Optimizing/minimizing the intermediate equations 
Providing an interactive- or a batch-mode of operation 


Functionally, PLPL accepts a logic-description input file and 
creates a JEDEC-standard fuse map downloadable to a logic 
programmer. The flow of this procedure is shown in Figure 2-6. 





eauasw \ /SO5NBES 
BOOLEAN 
EQUATION 


REGISTER STATE 
. TRANSFER _ MACHINE 
DESCRIPTION \. DESCRIPTION 


LIST 
_ EQUATION 


OPTIMIZE 


GENERATE 


TEST 


VECTOR 


SIMULATE 


GENERATE 
| JEDEC 
FUSE MAP 


‘eo AmPAL23ge"" 


BD006711 


Figure 2-6. PLPL Design Flow 


PLPL Features 
Major features of PLPL are: 


Employs high-level block-structured hardware-description 
language optimized for programmable logic devices 


Uses C language for flexibility and portability 


Supports multiple design techniques: 
~ PALASM-like sum-of-products Boolean equations 


'~ Extended Boolean-logic description: Parenthesized 


equations, DeMorgan's laws, Macro-substitution capa- 
bility, and pin vectors 

~ High-level constructs such as: IF THEN ELSE, FOR, 
CASE, and FUNCTION CALLS 

Provides a convenient and powerful human interface: 

- Both interactive or batch mode 

~ Optional menu-driven capability 

- Extensive error checking 

~ Interactive help facility 

- Direct programmer interface — 


@ Supports current AMD PAL devices 
@ Permits adding new devices quickly because it is data-base 
driven 


Structure of the PLPL Environment 


In the PLPL CAD environment, each program is governed by a 
separate program module, with ail the modules tied together in 
a top-down fashion. The software modules (Figure 2-7) are as 
follows: 

® Operations Processor 

PLPL Compiler 

PLPL Data Base 

PLPL List Equations 

PLPL Optimizer 

PLPL Test-Vector Generator . 

PLPL Simulator 

JEDEC Fuse-Map Generator 

PALASM-to-PLPL Translator 
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PALASM-TO-PLPL _ 
TRANSLATOR 


PLPL DESIGN 
SPECIFICATION 


PLPL 
| COMPILER 


SYSTEM 
EDITOR 


OPERATIONS | 
PROCESSOR (OP) 


SIMULATION 
SPECIFICATION 


INTERMEDIATE EQUATIONS 


PLPL JEDEC 


FUSE-MAP 
PTIMIZER 
pias GENERATOR 


PLPL | 
LIST 
EQUATIONS 


PLPL 
TEST-VECTOR 
GENERATOR 


PLPL 
SIMULATOR 


_ JEDEC TRANSFER FORMAT 


COMPILE 
ERROR 
MESSAGES 


PROGRAM 
TESTER 


BD006721 


Figure 2-7. Structure of the PLPL Environment 


PLPL Operations Processor (OP) 


The PLPL OP is the interface module that defines the program 
structure. It is an interactive, menu-driven shell that provides 
the user interface to the compiler, the JEDEC fuse-map 
generator, the simulator, the test-vector generator, the opti- 
mizer, and other device-specific utilities. With the operations 
processor, a comprehensive help facility can be consulted or, 
if required, a ''shell escape'' may be executed. Shell-escape 
capability allows a temporary exit from PLPL for the execution 
of certain system operations, such as editing or looking at the 
contents of various other files. It should be noted, however, 
that the internal state inside the shell is maintained. 


PLPL Compiler 


The PLPL compiler converts PLPL design specifications into 
the form needed by the JEDEC fuse-map generator, and other 
modules (such as the simulator, test-vector generator, and the 
optimizer). In addition, it flags all syntax and device-limitation 
errors. For example, a device-limitation error might indicate 
that a PAL device has an insufficient number of product terms 
to accommodate a particular logic equation. PLPL compiler is 
designed to be device-indepedent, and obtains all of its device 
data from the data base. 
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PLPL Data Base 
The PLPL data base serves three purposes: 


1) Stores all the architectural (device-dependent) information 
associated with supported devices and supplies this data to 
the compiler and JEDEC fuse-map generator. This arrange- 
ment makes the latter modules transparent to variations in the 
architecture of the devices. . 


2) Provides the flexibility to add new devices — making the 
PLPL environment more powerful. All it takes to add a new 
device is adding a description file to the PLPL data base. 


3) Serves as a standard cell library, thereby automating 
programmable logic design. The PLPL data base supports all 
current AMD PAL devices. 


PLPL List Equations 


The PLPL list equations lists all the PLPL-generated Boolean 
equations. 


PLPL Optimizer 


The PLPL-optimizer package optimizes the list of Boolean 
equations generated by the PLPL compiler. By reducing all 





redundant product terms, this package results in an optimum 
list of equations. 


PLPL Test-Vector Generator 


The PLPL test-vector generator generates test vectors for a 
PLPL-design specification. The test vectors can be used: by 
the PLPL simulator to test the device exhaustively. 


PLPL Simulator 


The PLPL simulator enhances the confidence that the device 
will function as designed. In PLPL, simulation is performed 
with user-created test-table files consisting of input and 
expected output (optional) test vectors. The PLPL simulator 
uses the test vectors and the outputs of the PLPL compiler 
(intermediate equation) to model the device's output behavior. 


two. Pin names and number may be separated from the equal 
sign with white space. The pinlist may be entered in any order, 
with white space as a separator between the keyword and the 
first entry, and also between succeeding entries. The pinlist is 
terminated by a semicolon. In addition, multiple pins may be 
grouped in a single statement designated as a pin vector. 
Examples from Figure 2-8 are shown below: 

= 3,4,5,6,7,8,9,10. 


example: D[7:0] 


(same as D[7] = 3, D[6] = 4, D[5) = 5, D[4]. = 6, OTS) = 7, 


The simulator’'s output is compared to the expected test- . 


vector outputs, if specified, and error messages are issued 
when results do not match. A test table may be concatenated, 
or linked, with the design-input specification, or it may be kept 
in a separate file. Separating the test table from the device 
specification provides flexibility, allowing more than one test 
table to be attached to a design. 


JEDEC Fuse-Map Generator 


The JEDEC fuse-map generator accepts design details from 
the PLPL compiler. It is employed following successful simula- 
tion. It arranges the fuse pattern required for programming the 
device into a JEDEC-transfer format. This format is supported 
by all major suppliers of logic programmers. This module 
generates a fuse map that can be down-loaded ereety to a 
PAL/PROM programmer. 


PLPL Input Specification 


Figure 2-8 shows a simple PLPL-input specification. It is an 
example of an 8-bit shift register implemented with the 
AmPAL22V10. The system editor is used to create the input 
specification. In general, a minimum PLPL input specification 
requires a HEADING, a PINLIST, and an EQUATION section. 
(The example shown contains additional comment strings and 
an optional macro section.) 


Heading (Keyword DEVICE) 


The heading identifies a title for the design along with the 
device used. The heading begins with the keyword, DEVICE. 
An optional title may follow the keyword. It is separated by 
white space (space(s), carriage return(s), or tab(s)). The 
device used is enclosed within parentheses following the title 
much like a function call in high-level software. In the example, 
the title is SHFT8BIT and the programmable device used is 
the AmPAL22V10. 


| Optional Comment String 


In the example, a comment string appears between the 
heading and pinlist. A comment string is initiated and terminat- 
ed by the double quote symbol, and all text between double 
quotes is ignored by the compiler. Comment strings may 
appear anywhere in the specification, where a white space 
can legally appear. | 


Pinlist (Keyword PIN) 


The pinlist assigns symbolic names to the pins within the 
device to help describe each pin's actual function. The pinlist 
begins with the keyword PIN. The general format in which the 
pin name and number is entered is as follows: 


PIN NAME = PIN NUMBER 
CLOCK = 1 


The pin name represents the user-specified symbolic name; 
the pin number is the actual device pin; the equal sign links the 


example: 


D[2] = 8, D[1] = 9, D[O] 
Q(0:7] = 15:22 


= 10] 
example: 


The symbolic pin-vector name is concatenated with numbers 
for each symbolic pin enclosed in brackets. There is a one-to- 
one mapping of the symbolic pin-vector name with the 
symbolic pin enclosed in brackets (i.e. D[7] = 3, D[6] = 4, etc.). 
A colon is used to define a sequential series of numbers and a 
comma is used to concatenate numbers. Colons and commas 
can be used together for both symbolic and actual pin-number 
declarations. 


Optional Macro Section (Keyword DEFINE) 


A macro section appears between the pinlist and equation 
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sections of the example. This section begins with the keyword 
DEFINE followed by white space. Each macro definition is 
terminated with a semicolon, and white space can be used for 
formatting purposes. A macro allows function(s) with fixed 
arguments to be defined with a single symbolic name and 
used repeatedly throughout the equation section. Note that 
LOAD, SHFTR, SHFTL, and HOLD were defined in the macro 
section and used in the equation section as part of the 
definition of Q[7] through QJ[0]. 


Equations (Keyword BEGIN) 


The equation section is used to define the functions assigned 
to each of the output pins. The equation section begins with 
‘the keyword BEGIN followed by white space, and is terminat- 
ed with the keyword END. (The period must follow END.) The 
general Boolean format for equations used in the examples is 
shown below: 


PIN NAME : = EXPRESSION: 


= LOAD+«D[7] + SHFTR+«RILO+ 
SHFTL*«Q[6] + HOLD+Q[7]; 
example: RILO = Q[7]; 


Where the EXPRESSION is a sequence of PIN NAMES (or 
their complements) separated by operators, and the PIN 
NAME is the symbolic input/output (or its complement) taken 
from the pinlist, the operator ":="' defines a sequential 
expression and ''="' defines a combinatorial expression. The 
operators used in the examples are shown below: 
Operator Symbols: *:— AND (product) 
; + — OR (sum) 
/ — NOT -(complement, prefix 
to an expression) 

;-— expression terminator 

:= — Sequential expression . 

= — combinatorial expression 


example: Q[7] : 


PLPL Benefits 


The major benefit of using PLPL is that it decreases the time 
and costs associated with creating a design. This is possible 
because PLPL permits a device to be developed, simulated, 
and modified before it is programmed. It is also possible 
because PLPL is structured, self- -documenting, and easy to 
employ. 


PLPL has been released into the Public Domain ang is 
available free of charge to any user. . 





DEVICE SHFT8BIT (AmPAL22V 10) 


"This is a simple example of an 8-bit 
shift register using the AmPAL22V10." 





PIN CLOCK = 1 RESET = 13 SEL[1:0] =2,11 
RILO = 23 LIRO = 14 
D[7:0] =  3,4,5,6,7,8,9,10 
Q[0:7] = 15:22 

DEFINE LOAD = /SEL[0] * /SEL[1]; "loads data" 
SHFTR = SEL[O] * /SEL[1]; _ "shifts right” 
SHFTL = /SEL[O0] *  SEL[1]; _ "shifts left" 
HOLD = SEL[O] * SEL[1]; “holds data” 

BEGIN 

IF (RESET) THEN ARESET (); 

IF (SHFTL) THEN ENABLE (RILO) ; 
RILO = Q[7]; 
Q[7] := LOAD+D[7] + SHFTR+«RILO + SHFTL+Q([6] + HOLD+Q[7] ; 
Q[6] := LOAD*«D[6] + SHFTR+*Q[7] + SHFTL*Q[5] + HOLD«Q[6] ; 
Q[5] := LOAD+D[5] + SHFTR*Q[6] + SHFTL*Q[4] + HOLD+«Q[5] ; 
Q[4] := LOAD*D[4] + SHFTR*Q[5] + SHFTL+Q[3] + HOLD+Q[4] ; 
Q[3] := LOAD*D[3] + SHFTR+*Q[4] + SHFTL*Q[2] + HOLD+Q[3] ; 
Q{2] := LOAD«D[2] + SHFTR*Q[3] + SHFTL#1[1] + HOLD«Q[2] ; 
Q[1] := LOAD*D[0] + SHFTR*Q[1] + SHFTL*LIRO + HOLD«Q[0] ; 

IF (SHFTR) THEN ENABLE (LIRO) ; 

LIRO = Q[0]; 
END. 


Figure 2-8. Sample PLPL Input Specification 
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2.2 PROGRAMMING HARDWARE 


AMD's programmable logic devices are manufactured using 


IMOX, a high-performance, oxide-isolated process. Platinum-_ 


silicide fuses are used for the device programming elements. 
The platinum-silicide-fuse technology has a superior record of 
programming yield and reliability. Programming algorithms 
have been developed by AMD to achieve consistent program- 
ming yields in excess of 99%. To maintain this extremely high 
programming yield, AMD subjects all approved programming 
equipment to a complete testing and qualification procedure. 


The fusing algorithm, which is described in detail in the 
reliability report, is designed to minimize tight tolerance 
requirements on the programming equipment. Input pins are 
used in the programming mode to gate fusing current through 
the programming path from a programming voltage applied to 
an output. The delivery of fusing current is therefore controlled 
by the switching speed of internal circuitry, not programmer 
circuitry. This minimizes the need for programmer recalibra- 
tion. However, it is strongly recommended that users maintain 
a log with each programmer to collect a record of the hours of 
service use and the programming yield of each lot. The 
programming equipment should be calibrated after every 50 
hours of service or whenever AMD PAL programming yields 
fall below 98%. . 


PROGRAMMER APPROVAL CRITERIA 


Full details of the required programming parameters, wave- 
forms and addressing schemes are provided on each device 
data sheet. 


The minimum requirements for approval of a programmer by 
AMD are: 


1) Must support all current AMD PAL products. 


2) Must achieve at least 98% programming yield. 


- 3) Must accept download of a JEDEC-standard PLDTF file via 


an RS-232C input port. 
4) Must generate a JEDEC-standard checksum. 


5) Must verify at HIGH and LOW Vc, extremes after program- 
ming. 
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6) Must. program and verify the security fuse. 
7) Must be capable of reading a non-AMD PAL device and 


storing the pattern during any adaptor and/or setup changes 


necessary for programming the pattern into an AMD device. 


Although not required for AMD approval, additional desirable 
features are: 


1) Support of JEDEC-standard structured test vectors. 


2) Support of some form of signature test scheme using the 
signature of a known good part. 


3) Continuity test capability. 
4) Fast programming and verification. 
5) Handier support. 


WHY USE AN AMD-QUALIFIED 
PROGRAMMER ? 


Programmers qualified by AMD have been tested for all the 
required features. They have been checked for accuracy of 
the programming voltages, currents, and timing parameters. In 
addition, a yield sample has been run to confirm that yields 
meet AMD's high standards. AMD considers the qualification 
procedure very important to maintaining control of the pro- 
gramming conditions seen by AMD parts and thereby assuring 
excellent customer programming yields. For this reason, AMD 
reserves the right to disallow any returns of product pro- 
grammed on an unqualified programmer. 


QUALIFIED PROGRAMMING EQUIPMENT | 


The list of AMD-qualified PAL programmer models appears in 
Table 2-2. New programming equipment and vendors are 
constantly under evaluation. Contact your AMD Field Applica- 
tions Engineer or the factory to determine the approval status 
of any equipment not listed here. 


AMD is commited to maintaining continued close working 
relationships with the major programmer manufacturers so 
that new programmable logic devices will be properly support- 
ed in a timely manner. 


TABLE 2-2. AMD-QUALIFIED PAL PROGRAMMER MODELS 





Vendor 


DATA 1/O Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, WA 98073-9746 
(206) 881-6444 


DIGILEC, INC. 

1602 Lawrence Ave. 
Suite 113 

Ocean, NJ 07712 
(210) 493~2420 


KONTRON ELECTRONICS, INC. 
1230 Charleston Road 

Mountain View, CA 94039 

(800) 227-8834 








STAG MICROSYSTEMS 
528-5 Weddell Drive 
Sunnyvale, CA 94086 
(408) 745-1991 


STRUCTURED DESIGN, INC. 





988 Bryant Way 
Sunnyvale, CA 94087 
(408) 737-7131 


VALLEY DATA SCIENCES 
2426 Charleston Road 
Mountain View, CA 94043 
(415) 968-2900 





JMC PROMAC DIVISION 
2999 Monterey Highway 
Monterey, CA 93940 
(408) 373-3607 





GENERAL GUIDELINES FOR USING 
PROGRAMMING HARDWARE 


There are two common situations when a PAL user wants to 
program parts: 


1) The user has a master device and wants to program the 
master pattern into new unprogrammed parts from the same 
or from a different manufacturer. 


2) The user has a file that is in JEDEC-standard Programmable 
Logic Data Transfer Format (PLDTF) and wants to send the 
file to a programmer and program parts. 


All AMD-approved programmers can accomplish either of 
these tasks. Here are some general guidelines. 


Programming with the Use of a Master Device 


Suppose you have a master device and you want to program 
an AMD device of the same type with exactly the same 
pattern. The master device can be an AMD device or another 
manufacturer's functionally equivalent device. Follow these 
steps: 


1) Set the programmmer to read (or copy) the master device. 
This may require having a hardware adaptor for the master 
and entering a product code unique to the manufacturer and 
device type. 


2) Install the correct adaptor (if required). Enter the appropri- 
ate product-code information. Then place the master device in 
the correct socket and read its fuse pattern into the program- 
mer memory. Use whatever button-pushing sequence is 
required by the programmer for this operation. 


Programmer 


Models 





MODELS 100A, 19, 
29A, 29B 





UniSite 40 Not Required 


a 7 


MODEL-—MPP-80S 
or EPP80 


| MODEL-PPZ 2M2200 
ZL30A/ZL32 Not Required 


$D1040 
PAL Burner 


VDS 160 “Not Required | 


PROMAC — P3 Not Required | 


2-41 


AMD PAL 
Personality 
Module 


LOGICPAK 


Socket 
Adapter 


303A — 004 
303A -011A 


303A -011B 


Not Required 


DA53, DA55 


SA37 


Not Required 


Not Required 
Not Required 


Not Required 


Not Required 


Not Required 


Not Required 


3) The pattern is now in the programmer memory and will 
remain there unless the memory is cleared or the programmer 
power is turned off. Changing an adaptor or product code will 
not erase the memory. Usually at the end of a copy operation 
a checksum will be displayed. Make a note of this number. The 
checksum is an algorithmically calculated code unique to the 
pattern loaded into memory. It can be very helpful in diagnos- 
ing any programming problems. If a part is to be reused 
frequently as a master device, it is good practice to write the 
checksum on the top of the part. Never proceed with 
programming without checksum agreement after reading a 
master. 


Error Detection 


As a matter of curiosity, take the part out of the socket once 
and read an empty socket; also read a known blank part (using 
the right adaptor). Checksums from these two situations will 
be helpful in diagnosing two common problems when pro- 
gramming from masters: A) Forgetting to lock down the socket 
lever to make good contact after loading a part, and B) 
Loading an unprogrammed part as a master by mistake. 


4) Now prepare the programmer for the AMD device to be 
programmed with the master pattern loaded into memory. 
Some programmers require different adaptors for different 
manufacturer's parts. If the programmer being used has this 
requirement be sure to use an AMD adaptor only for AMD 
parts. Using a non-AMD adaptor can cause permanent dam- 
age to AMD parts. Always check for adaptor compatibility. 


5) Everything's okay. You have the AMD adaptor, the right 
AMD device code, and you wrote down the checksum that you 
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got after loading the master. Now put the programmer in the 
mode used for programming from its meme and execute the 
programming operation. 


There is some variation in the sequence of events carried out 
by different programmers during the programming cycle, but 
all of them program and verify the appropriate fuses to match 
the pattern in the programmer memory. Such operations as 
Blank Checks, Illegal Bit Checks, Test Vector Testing, and 
Security Fuse Programming can be a part.of the programming 
sequence. Check the Programmer Manufacturer's manual for 
the availability and appropriate use of these features. 


The essential part of the programming cycle is the program- 
ming and verification of each fuse followed by a verification of 
all fuses at both LOW and HIGH Vgc. At the very end of the 
programming sequence you will see the checksum for the part 
you have just programmed. This checksum should agree with 


the master-part checksum. You now have an AMD part that is © 


functionally identical to the master. 
Programming from a JEDEC File 


A JEDEC-standard file is the output of design-software pack- 
ages used to specify fuse-blowing information to a program- 
mer. All programmers approved for use on AMD parts will 
accept JEDEC files. A JEDEC file is normally prepared on a 
computer. The unique aspect of programming from a JEDEC 
file is the transfer of the file to the programmer. After the file 
has been transfered into the programmer, the programming 
task is identical to programming from a master with one 
exception. The exception is that design software may be used 
to prepare test vectors to be applied to a device immediately 


following the programming cycle. These vectors will be 


- transmitted with the JEDEC fuse file and they have a JEDEC- 


standard format of their own. 


General guidelines for transfer of a JEDEC file and program- 


ming are as follows: 


| 1) Make sure your file is in the standard JEDEC format. This 


will not be a problem if you are using software for file 
preparation that adheres to this standard. 


- 2) Connect the JEDEC file source to the programmer with an 
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RS-232C cable. The programmer manuai will describe the 
connection details. 


3) Prepare the programmer for receiving a JEDEC file over a 
link. This will generally involve entering the product-code 
information and putting the programmer into a ready-to- 
receive mode. 


4) Transmit the file from the computer source using commer- 
cially available communications software or operating-system 
file-transfer software such as PIP. 


5) After transmission a checksum should appear on the 
programmer display. Part of the JEDEC-standard file is a 
checksum. If the displayed checksum is the same as the 
JEDEC file-generated checksum, transmission has been suc- 
cessful. 


6) Program an AMD PAL device now " first seinetaune an AMD 
adaptor (if needed) and then entering the programming mode. 
Finally, put a part in the socket and execute the programming 
operation. 


|2.3 TESTING INFORMATION 


Section 2.3.1 and 2.3.2 describe in detail the general testing 
requirements for programmable logic devices and how AMD 
has designed-in special test circuitry to permit complete 
testing on its programmable logic devices. Section 2.3.3 
explains why it is difficult for a programmable-logic device 
manufacturer to provide specifications for switching delay 
minimums. 


2.3.1 FACTORY TESTING OF PAL 
DEVICES 


Advanced Micro Devices' bipolar PAL devices include special 
test circuitry to permit thorough AC and DC testing on an 
unprogrammed unit. The test circuitry is used to ensure good 
programming yield and to verify that devices will meet all 
parametric and switching specifications after programming. 


Programming circuitry testing includes tests to assure unique 
addressing of all fuses. The ability of all circuitry in the 
programming path to handle the large currents and voltages 
necessary to blow fuses reliably is also thoroughly checked. 
To accomplish this, special test pads are provided which are 
accessible only during wafer probing. Using these, AMD 
confirms that each fuse driver is uniquely decoded and can 
deliver and sink the necessary current to blow fuses. 


Each PAL device has special test fuses. These test fuses are 
blown during factory testing to prove beyond reasonable doubt 
that the device is capable of opening all fuses when pro- 
grammed by the user. 


The special probing pads and test fuses are all employed in 
programmability testing. This testing coupled with AMD's 
excellent process control gives industry-leading programming 
yields (> 98%) for all AMD PAL devices. 


Other test circuitry, enabled by high voltages on device pins, 
checks functionality, AC and DC parameters under conditions 
that simulate post programming operation. All of the circuitry, 
levels and modes necessary to operation after programming 
are checked under worst-case conditions. For example, all 
input buffers are tested for functionality by switching them 
through a test product term to a single output, and all product 
term AND gates are switched and sensed for uniqueness and 
functionality. 


Because a large percentage of die area is devoted to fixed- 
logic circuitry, some percentage of units can fail to function to 
the desired truth table, even though all fuses are correctly 
programmed. This problem will vary from manufacturer to 
manufacturer. Without effective on-chip test circuitry, function- 
al yield after programming is largely dependent on process 
control. As a result, lot-to-lot variability of AC performance and 
functionality is to be expected from manufacturers with test- 
Circuitry deficiencies in their products. 


AMD's special test circuits and extensive factory-testing 
procedures have almost entirely eliminated this problem 
(> 99.9% PPFY). However, if absolute assurance is required, 
functional testing with test vectors simulating actual operation 
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can be performed on PAL-device programmers or automatic 
test equipment. 


Test vectors are relatively easy to generate for combinatorial 
designs using PAL devices. Sequential function testing is more 
difficult. AMD's PAL devices are designed to provide the 
capability of loading the output registers to any desired value 
during testing. This feature, known as PRELOAD, simplifies 
functional testing of sequential devices. Sequencer products 
such as the AmMPAL23S8 include buried registers. A feature 
called OBSERVABILITY has been designed into these prod- 
ucts along with PRELOAD to allow control and functional test 
of the buried registers. Other features which AMD verifies with 
built-in test circuitry are polarity, asynchronous RESET, syn- 
chronous RESET and output macrocell functionality. 


2.3.2 HOW TESTABILITY IS DESIGNED 
INTO AMD'S PROGRAMMABLE LOGIC 
DEVICES 


Thorough testing of programmable logic devices by the 
manufacturer is important to both the performance of pro- 
grammabie logic and its cost of use. 


Field programmable logic devices are different from other 
semiconductor products in that the user must complete the 
manufacturing process by programming and function testing 
the parts. 


Programming is normally accomplished on commercially avail- 
able programming equipment. Functional testing may be 
performed on a programmer, on automatic-test equipment, or 
at the board or system level. Figure 2-9 illustrates where 
device failure detection can occur. Clearly, the cost implica- 
tions of failure become more serious with each advancing 
step. 


As a result of assuming the responsibility of programming and 
test, the user gets all the benefits of a custom function with the 
cost and availability advantages of a standard product. How- 
ever, the user must also deal with those parts that don't 
program successfully or don't function to advertised specifica- 
tions after programming. 


The earliest programmable logic devices did not include test 
circuitry to allow thorough testing of the AC and functional 
performance prior to programming. AMD was the first manu- 
facturer to add test circuitry to allow thorough device testing. 


How well a manufacturer does the job of testing before 
shipping can make a difference to the user in: 


1) Programming yield 
2) Post programming functional yield (PPFY) 
3) Uniformity of performance 


This paper describes the techniques used at Advanced Micro 
Devices to allow testing of these three important attributes on 
every device before shipment to the user. 





PROGRAMMING 


COMPONENT 


TEST 


SYSTEM 


TEST 


ON-SITE 


OPERATION 


DESIGN 
SOFTWARE 


FUSE 
PATTERN 


PROGRAMMING 
REJECT 


AC, DC OR 
FUNCTIONAL 
REJECT 


PERFORMANCE 
REJECT 


PERFORMANCE 
REJECT 


PERFORMANCE 
REJECT 


BD006730 


Figure 2-9. User-Processing of Programmable Devices 


Programming Yield 


Programming yield is the measure of success of the program- 
ming operation. Large-volume users of programmable iogic 
keep records of the programming-yield history of their suppli- 
ers' parts. Programming yield is considered by these users to 
be an important element in judging the overall suitability of 
different suppliers’ parts. | 


Why do users care? After all, manufacturers offer a ''money- 
back" guarantee on all valid programming rejects. The users 


can simply keep the rejects separated from the good parts and 
send the bad ones back to the manufacturer for credit or a 
refund. 


This sounds simple, but Figure 2-10 shows what could be 
involved. ; 


Everybody loses in this operation. The manufacturer loses in 
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return handling and evaluation costs; the user loses in return 
handling costs and also in added purchasing and inventory 
costs to compensate for programming yield losses. 
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Figure 2-10. Reject Return Processing 


Post Programming Functional Yield 


Experienced PROM and EPROM users are sometimes puz- 
zled by the fact that not all programmable logic devices 
function correctly even though they have successfully com- 
pleted a programmming operation and fuse verification check. 


With PROMs, a one-for-one relationship exists between ad- 
dress states and programming elements’. That is, the state of 
each output for each address is dependent on the condition of 
only one fuse. Sensing a desired fuse state after programming 
therefore practically guarantees correct functional operation 
(At least at the voltage and temperature conditions of the 
programming operation). 


With programmable logic devices, the relationship between 
programming success and post programming functionality is 
not one-for-one. Except for the simplest of patterns and 
devices, the relationship is highly complex. Feedback buffers 
allow the creation of more than one level of logic; latches, 
counters, shift registers, even oscillators can be created. 
Special fuse functions such as polarity control, output enables, 
register/nonregister selection, and buried registers complicate 
the relationship further. 


This is the power of programmable logic — but the test 
challenge that results from this versatility can be substantial. 
Logic states for programmable logic devices can be multipie- 
fuse dependent. The fuse-verification procedure that exam- 
ines each fuse uniquely is therefore not sufficient, as it is with 
PROMs, for guaranteeing functionality. 


All programmable-logic-device manufacturers must create 
special on-chip programming circuitry and modes to allow 
programming and verification of each individual fuse. A review 
of the data sheets for different manufacturers’ products gives 
a good idea of the special requirements for programming 
programmable logic devices. The complexity of programming 


may vary significantly from manufacturer to manufacturer, but 
all have one thing in common — successful programming by 
itself cannot guarantee functionality. 


The user's job does not end then with the programming 
operation. To be assured of a functional part, a comprehen- 
sive set of test vectors must be designed by the user and 
applied to the part. Many programmable-device programmers 
accept test vectors along with fuse-blowing vectors and will 
apply the test vectors to the part following the programming 
operation. AMD's PRELOAD feature greatly simplifies the test 
generation problem for registered parts. 


Test-Vector Generation 


The matter of test vector-generation is not trivial. The logic 
designer can generally write a series of functional states 
representing the expected operation of the part in the actual 
application, but what about all of the Don't Care states? 


A great deal of work is going into automatic test vector 
generation for programmable logic devices. Parts manufactur- 
ers, programmer manufacturers, design software manufactur- 
ers and users all have efforts in progress. Some products are 
on the market. 


Effective test vector generators have been or will be devel- 
oped, but convenience will be key to their routine application. 
To be convenient to use generators must run on a wide variety 
of computing equipment, but best of all, they should run on the 
same equipment used to process the logic equations into fuse 
blowing vectors. Efficient algorithms will be needed so that 
large mainframe computers are not required to generate test 
vectors for the more complex parts. . 


Data 1/O's Fingerprint 


Another alternative for function testing is a signature-test 
technique such as Data I/O's ''Fingerprint’. This technique 





Programming elements can be fuses, floating-gate MOS devices, open-base NPN transistors, etc. 
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applies a pseudorandom series of test vectors to a known 
good part and generates a Fingerprint value based on its 
response. Each part tested thereafter must generate the same 
Fingerprint to be considered a ''good"' functional part. 


To our knowledge, no one has done comprehensive studies of 
the effectiveness of this technique. Our limited observation 
indicates that the Fingerprint test is much better than no test 
at all. However, certain patterns can give unpredictable 
responses when subjected to random test conditions. Parts 
with these patterns cannot be Fingerprint tested reliably. 
Structured vector testing with either automatically or manually 
generated vectors is needed in these cases. The benefit of the 
Fingerprint approach is that it requires no effort on the part of 
the user, other than recognition of non-Fingerprintable pat- 
terns. 


Post programming functional yield (PPFY) is clearly another 
distinct measure of the quality of a programmable-logic-device 
manufacturer's parts. Although the user has the same right of 
return as with programming rejects, detection of bad parts can 
be significantly more complex and more costly at this stage. 


As shown later in this chapter, the part manufacturer can 
design-in additional test circuitry that guarantees virtually 
100% post programming functional yield. - 


Uniformity of Performance 


The buyer of a programmable logic part has the right to expect 
that the performance specifications appearing on the manu- 
facturer's data sheet will be met for all legitimate applications 
of the part. This applies to each and every logic path and 
function. 


_ A glance at the logic diagram for an unprogrammed part 
shows that, with the array in its unprogrammed state, no 
amount of activity of the inputs can make any output switch. 
Without any fuse programming, the AND gates see both the 
_true and complement of all inputs. 


Obviously if post-programming performance is to be guaran- 
teed with confidence, test circuitry must be provided to allow 
each path to be tested to data-sheet performance before 
programming. Manufacturers vary in the degree to which they 
provide this pre-programming testability within their parts. The 
uniformity of performance of devices will reflect the degree of 
testability that has been designed-in. 


Approach to Designing In Testability in AMD's 
PAL Devices 


AMD's approach to the the design of programmable logic was 
strongly influenced by the goal to provide users with the 
industry's best programming yield, post programming function- 
al yield and uniformity of performance. 


Designing programmable logic can be viewed as a three- 
dimensional task involving high-performance logic design, 
fuse-programming circuit design,and test circuit design. 


The first dimension is the design of a high-performance logic 
circuit with SSI/MSI-competitive switching speeds and very 
high output drive for bus environments. 


The second dimension of programmable logic design is the 
programming circuit design. The emphasis of this design is to 


provide circuitry that will deliver large programming currents to 
individual fuses. Special decoders, demultiplexers, buffers, 
and mode-select circuitry are needed. The circuits need not be 
fast since programming occurs at microsecond speeds. Be- 


’ cause the circuitry is not used after programming, it is 
desirable that it only consume power during programming and 


not during operation. Since large voltages are required to 
generate fusing current, survival under high voltage is also a 
must. All of these requirements are quite different from the 
logic-circuit requirements but must be achieved within the 
same part. | 


Testability is the third dimension of programmable logic 
design. This overlay of circuitry provides the means to 
exercise the part through all of the possible paths that might 
be activated by programming. Another need for test circuitry is 
to insure that the programming circuitry will function properly. 
Testability is then important to achieving high programming 
yields, post-programming functionality and performance to 
data-sheet specifications through all possible paths. 


The unique challenge of programmable logic design is to 
integrate these three dimensions in the most efficient manner. 
This is no easy task! 


Testability in the Programming Circuitry 


Good programming yields are in the high ninety percents. 
AMD PAL programming yields are typically higher than 98%. 


Three things contribute to AMD's high success rate in blowing 
fuses: | 


1) Uniform fuse cross sections, 


2) Pre-testing of the current delivery and sink capability of 
column drivers and row drivers through use of wafer-sort test 
pads, and 


3) Sample fusing of test rows. 
Uniformity of Fuse Cross Sections 


The AMD IMOX process gives consistently uniform, platinum- 
silicide fuse cross sections. Uniformity is monitored by mea- 
suring fuse-resistance test patterns on a sample basis in every 
wafer lot. The data is processed for mean and standard 


_ deviation and trend plots are maintained. Material not meeting 


fuse-width-control limits is scrapped. 
Testing for Fusing Current Delivery Capability 


On every AMD PAL device there are two extra pads that are 
probed at wafer sort. These extra pads are used to gain 
access to the fuse array for special testing at wafer sort. The 
connection of these pads to the fuse array is shown in Figure 


2-41. 
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The programming process involves Seisclion of individual 
column and row drivers to deliver and sink programming 
current through x-y selected fuses. The extra test pads allow 
easy access for individually testing the source and sink 
capability of each column and row driver. Also a reverse- 
leakage check of all of the Schottky diodes in the array is 
possible by applying bias between the pads. Without the test 
pads, all of these tests would be impossible or would have to 
be accomplished in a less direct and less effective manner. 


COLUMN 
DRIVERS 


OUTPUTS 


ROW DRIVERS 


TCO03900 


Figure 2-11. Extra Test Pads for Wafer-Sort Testing of the Column and Row 
Drivers and the Fuse Array 


Sample Programming 


To further assure programmability, the AMD PAL devices 
include an extra test input buffer with fuses connected to each 
of the array columns. 


Blowing one test-buffer fuse per column accomplishes two 
important things. First, a sample fuse has been blown using 
each of the column drivers. The sample fuse is exactly the 
same dimension as all of the normal array fuses, and the test- 
buffer drivers sinking the programming current are of identical 
design to all of the normal drivers. Before shipment, then, 
each AMD PAL device has had a sample of fuses blown on 
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the test buffer. For example, sixty-four fuses are blown on the 
test word of every AmMPAL16L8, one per product term. 


The second purpose in blowing the sample fuses is to create a 
pattern for AC and functional testing. 


Testability to Guarantee Functionality After 
Programming 


A typical PAL device, the AmPAL16R4, is shown in Figure 2- 
12. Not shown in the logic diagram are the components 
located at each horizontal and vertical line intersection. For 
AMD bipolar-PAL devices, a fuse and a Schottky diode reside 
at each cross point as shown in Figure 2-11. 
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Figure 2-12. AmPAL16R4 Logic Diagram 
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The horizontal or ''Product Term" line is then the common 
anode connection for a 32-wide diode AND gate. The user's 
job is to figure out which of the thirty-two inputs should be 
connected to the AND gates. The inputs not needed must be 
disconnected by blowing the fuse shown in series with the 
diode. 


Thankfully this decision does not have to be made 2,048 
(32 x 64) times by a user. Through the wonders of design-aid 
software (PALASM, ABEL, CUPL, PLPL, etc.), the user simply 
writes a few Boolean equations describing the desired func- 
tion of the device. The software then generates fusing 


INPUT 
INPUT 





> TEST ENABLE 


TYPICAL ee 

INPUT OR 4 TRUE CONNECTED 

FEEDBACK COMPLEMENT 

BUFFER UNCONNECTED 
OS 


instructions for a programmer and all of the undesired AND- 
gate connections are blown away. 





The obvious problem from a manufacturer's test standpoint is: 
"How can it be guaranteed through testing that the device will 
work after fuses are blown?" If the only logic in the device was 
that shown in Figure 2-12, there would be no chance. With 
sixteen LOW levels and sixteen HIGH levels presented to 
each AND gate, the LOWs win. All sixty- four AND outputs are 
always stuck LOW, and there is no way to get the output to 
wiggle for AC- or DC-test purposes. This is the raw state of any 
device before programming. 
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Figure 2-13. Testing All Input and Feedback Buffers through the Special Test 


AND Gate 


Necessary Testability Requirements 


Something more is needed in every PAL device to assure 
100% functional yield after programming. The AMD PAL 
designs have an overlay of test circuitry that accomplishes the 
following: 


1) Each input and feedback buffer can be checked for 
functionality. 


2) Each of the AND gates can be switched HIGH and LOW 
and uniquely sensed by an output. | 


Achievement of these two things is necessary to the guaran- 
tee of 100% post programming functional yield. 


Under normal operating conditions the test circuitry is inactive 
and consumes very little power. What causes it to come alive? 
Supervoltages! Supervoltages are levels substantially higher 
than Voc so that under normal operating conditions accidental 
activation of a test mode cannot occur. 


In this paper a double line on the input side of a logic symbol 
indicates that the HIGH level must be a supervoltage to 
activate it. 


Checking the Input and Feedback Buffers 


Functionality of the input and feedback buffers is checked with 
the aid of the extra AND gate dedicated to this function. Figure 
2-13 illustrates the AND gate and its associated enabling 
circuitry. 


The noninverting or true side of each input and feedback 
buffer is connected to the special test AND gate. The AND 
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gate is activated by a supervoltage on one of the input pins. 
The function actually takes two activating inputs to implement 
since the use of one for activation prevents that pin from being 
tested for functionality. Having an alternate pin to activate the 
function solves this problem. 


Only the non-inverting side of each buffer is hooked up to the 
AND gate because each buffer is constructed from two 
inverters in series. The first inverter must work for the second 
one to work, so that checking the second one is sufficient to 
prove that they both work. 


The feedback from the output used for the test cannot be fed 
to the test AND gate, such a connection would make the test 
output oscillate. For this reason its feedback input is not 
connected and is tested by creating another test AND gate on 
a different output and routing it there. 


Since the special AND gate used to test all of the buffers is 
identical to those used in the normal operating path, switching 
each input through this path provides the means for testing the 
switching performance of each buffer. 


Testing the AND Gates 


The next important test requirement is to make sure that all of 
the AND gates work and will switch at data-sheet speeds. This 
test challenge is a little more complex. 


What is needed in this case is: 


1) A means for decoding one AND gate at a time in each 
output. 





2) A way to force all input and feedback buffers toa HIGH _ the sample programming operation the fuses are blown in a 
level on both true and complement outputs. | pattern that allows switching of all sixty-four AND gates, one in 
each output, for each of the eight decode states. 













3) A special input of identical design to a normal input that can 











be used to switch the decoded AND gates. The input to the special buffer for AND-gate testing is one of 
the normal input pins, but the buffer is inactive for normal 

These requirements are met by the circuitry shown in Figure operation and must be activated by supervoltage levels 

2-14, | applied to two other inputs. 

The decoder to select one AND gate at a time in each output The supervoltage levels also provide the signal to force all of 

serves a dual purpose. It is the same decoder that provides the buffer outputs HIGH, which is one of the three necessary 

unique selection of product term lines for the programming requirements for AND-gate testing. : 






and fuse-verify operation. It responds to binary combinations 
of TTL signals at three input pins and provides one of eight 
active-HIGH level signals to decode the AND gates. 






Since the design of the special buffer is identical to all of the 
normal input buffers, it serves as a surrogate buffer for speed 
testing all of the AND gates. In the AND-gate test mode, all 









The special test input that is used in this mode also serves a | eight outputs are switched at once, since one AND gate is 
dual purpose. It was mentioned earlier in this paper that a _— selected in each output. For registered outputs, the AND-gate 
programming sample was performed on each part. This switching path provides the means to test setup and hold 
special test input is the input that carries the test fuses. During times. 






TYPICAL 
INPUT 












NORMAL — 
INPUT 
DISABLE | 






TYPICAL 
OUTPUT 












A corer 6 
TEST — 
BUFFERS | 


> DECODER TEST NORMAL 
ENABLE INPUTS INPUTS 


~ TC003920 


Figure 2-14. Testing All AND Gates through the Special Test Input Buffers 





Uniformity of Performance Summary | 

Only a complete test to data-sheet parameters by the manu- The central idea of this paper is that aesign for testability prior 

facturer can assure uniformity of performance. There is no to programming is possible in programmable logic — and it 
_ other way. Pronouncements of '‘'guaranteed by design” pays off. It pays off for the user in fewer rejects at program- 

should be read as ''too difficult to test or no allowance for ming and at functional and AC test. For those that have no 

testing". means for functional test after programming it pays off in not 


having to locate a defective part with a board- or system-level 
test. For the semiconductor manufacturer it pays off in lower 
returns handling cost. 


This paper has shown it is possible to design-in the means to 
exercise all switching paths in AMD PAL devices to data-sheet 
limits and conditions before programming. . 
All Advanced Micro Devices programmable logic devices have 
designed-in testability and are achieving yields of greater than 
98% for programming and better than 99.9% functional and 
AC test yields after programming. Even higher goals have 
been set for future products. 


The user of AMD PAL devices, therefore can expect excellent 
uniformity of performance to the data-sheet Parameters after 
programming. 
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2.3.3 SPECIFICATIONS FOR SWITCHING- 
DELAY MINIMUMS 


All system designers would like non-zero minimum-delay 
specifications, as well as maximum-delay specifications for all 
AC parameters. With these numbers they could optimally 
design system timing. Device manufacturers understand this 
need and would like to meet it. Two major reasons make it 
impractical to provide minimum specifications. 


The first reason is that maximum specifications are based on 
conditions that create a ''worst-case"’ environment for the 
device. Maximum loading, longest delay path, multiple output 
switching, and Vcc and temperature at worst-case extremes 
are examples of these conditions. These conditions can be 
closely duplicated in an automatic-test-system environment 
and therefore can be guaranteed by test. 


In contrast, minimum-delay specifications must be based on 
best-case" conditions for a device. It is true that in a system 
both completely best-case and worst-case conditions for a 
group of devices could not practically coexist. However, 
anything other than the best '’best case"’ cannot be assumed 
when providing specifications on a data sheet. 


The device manufacturer is then faced with trying to create a 
"best-case" environment for test in order to guarantee 
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minimums. This requirement is inconsistent with the high- 
volume test environment of handlers, high-capacitance test 
heads, etc. 


The second major problem with providing minimum specifica- 
tions is the constant evolution and upgrade of products to 
achieve better performance. Minimum specifications are an 
unreasonable constraint to this effort. 


Many system lifetimes are longer than the product lifetimes of 
the !Cs from which they are designed. This means that more 
than one generation of an IC must meet the original system 
needs. A common reason for IC redesign is to make products 
faster. Faster products then replace the previous generation 
slower products. The conflict of this trend with guaranteed 
minimums is obvious. 


A good example of the evolution of product performance is the 
popular AmPAL16L8. Before AMD entered the PAL-device 
market this product was originally offered with 35 ns speed. 
AMD entered the market with 25-ns parts and speed selec- 
tions of 20 ns. The next evolution was to 15 ns, and now 10- 
and 7.5-ns parts are under development. Since each new 
generation can substitute for the previous generation when 
only maximum AC specifications are guaranteed, the progres- 
sion to faster parts is not hindered unnecessarily. Minimum AC 
specifications would have seriously complicated this evolution. 





2.4 AMD PROGRAMMABLE ARRAY 
LOGIC RELIABILITY 


INTRODUCTION 


Advanced Micro Devices’ bipolar Programmable Array Logic 
(PAL) devices are based on two key technologies with many 
years of high-volume production experience behind them. . 


1) IMOX — The basic process technology employed is IMOX, 
an advanced ion-implanted, oxide-isolated structure. IMOX 
provides very high-performance devices with predictable man- 
ufacturing yields. It has accumulated many millions of hours of 
life-test history through its application to the Am27S Series of 
PROMs and the Am2900 Family-of bipolar microprocessors. 


A comprehensive report on IMOX reliability titled IMOX RELI- 
ABILITY REPORT (AMD Publication #036874) is available for 
those interested in a detailed presentation on this subject. 


2) Platinum-silicide fuses — This fuse structure was originally 
developed for use on Advanced Micro Devices' families of 
junction-isolated PROMs. it quickly established a new stan- 
dard of excellence for high programming yields and long-term 
reliability. Several years ago it was applied to a new generation 
of ultra high-performance PROMs based on the IMOX pro- 
cess. 


This combination of IMOX and platinum-silicide fuses has an 
outstanding record of reliability which has been verified 
repeatedly through in-house life testing and by high-reliability 
customer-qualification testing and system use. 


Advanced Micro Devices’ PAL devices are fabricated with this 
same combined-process technology. Not only is the technolo- 
gy for building PAL devices and PROMs the same, but also the 
programming algorithm and programming circuitry used to 
program the platinum-silicide fuses are the same in all 
characteristics of importance. The result is that the conditions 
seen by an AMD-PAL fuse are the same as those seen by an 
AMD-PROM fuse. 


Due to the common process technology, fuse-design and 
fuse-programming circuitry design, reliability and program- 
ming-yield results are expected to be the same for PAL 
devices and PROMs. Data accumulated to date on PAL 
devices appears to confirm this expectation. 


This report describes: 


1) The characteristics of the platinum-silicide fuse and pro- 
gramming conditions for the fuse. 


2) Reliability results accumulated to date on IMOX PAL ICs 
and PROMs. 


3) The dynamic and static burn-in circuits used for high- 
temperature reverse-bias (HTRB) reliability testing. 


4) Thermal resistance values for AMD PAL devices. 


5) Equivalent gate counts for use in reliability calculations. 


PLATINUM-SILICIDE FUSE 
Fusing Technique 


Advanced Micro Devices’ PAL circuits are designed to use a 


programming algorithm which minimizes the requirements on. 
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the programmer, yet allows the circuit to fuse the platinum- 
silicide links quickly and reliably. 


The sequence of events to program a fuse are: 


1) Voc power is applied to the chip. 


2) The address of the fuse to be programmed is selected by 
TTL/ECL levels on the appropriate address pins. 


3) The outputs are disabled. 
4) The programming voltage is then applied to one output. 


5) A fuse enable is accomplished by raising an input to a level 
above normal TTL operating voltage. This action gates the 
current flow through the proper fuse, resulting in an. open fuse 
in a few microseconds. 


6) The output programming voltage is lowered and then 
removed. 


7) The device is enabled and clocked if required. The output 
state then indicates whether successful programming has 
occurred. If programming has not occurred a sequence of 
much longer pulses is applied until programming occurs. 


8) The sequence of 2 through 7 is repeated for each bit which 
must be programmed. 


There are several advantages to this technique relative to that 
used by other PAL manufacturers. First, the two high-current 
power sources, Voc and the voltage applied to the output, do 
not have critical timing requirements. As the fusing current is 
gated through the fuse actively, there is no dependence on the 
rise rate of the programming voltage. A fast ‘application of 
fusing current is desirable for optimum fusing. Since the output 
programming voltage does not have to be applied rapidly, 
breakdown and latchback problems attributed to fast voltage 
rise times on the output are avoided. 


This programming procedure has a second major advantage. 
If the fuse does not open during the first programming pulse, 
longer programming pulses are used. With the platinum- 
silicide fuse, longer programming pulses may be safely applied 
with no danger of developing a reliability problem. The 
algorithm can therefore be designed to minimize the time 
required to program by using a fast first pulse followed by a 
longer pulse if needed to blow the occasional fuse that does 
not open with the first short pulse. Most devices do program 
satisfactorily with all short pulses. | 


Fuse Characteristics | 


When a fast (less than 500-ns rise time) current pulse is 
applied to a fuse, the fuse voltage rises abruptly to a value 
determined by the room temperature resistance. However, it 
then quickly falls to a value of approximately 2 V. This value is 
nearly independent of the applied current. During the period of 
time the fuse is molten, the fuse current drops very abruptly to 
zero indicating the separation of the platinum-silicide into two 
distinct sections. Scanning Electron Microscope photographs 
of the resulting fuses (Figure 2-15) indicate that the typical 
case is a sharp clean separation in excess of a micron. This 
separation occurs in the center of the fuse because the "’bow- 
tie'' structure (Figure 2-16) concentrates the energy density in 


the center away from the aluminum interconnect lines. The Melted material is then ''wicked"' from the center of the fuse to 
energy density in the center of the fuse creates temperatures either side due to surface tension. 
substantially greater than those required to melt the silicide. 





Unprogrammed Fuse 





Programmed Fuse 


Figure 2-15. Scanning Electron Microscope Photos — Unprogrammed and 
i Programmed Fuses 
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Figure 2-16. Bow-Tie Fuse Design 


Reliability of Fuses Programmed Under Non- 
Optimal Conditions 


The marginally opened fuse.has been studied at AMD in detail 
even though it rarely occurs in practice. Under conditions 
where the fuse is purposely blown at much slower rates, it is 
possible for the fuse to assume a high-impedance state which 
is sensed as an open fuse by the circuit. This occurs when the 
fuse cools before separation is achieved. Electrical and SEM 
studies of fuses blown under these conditions indicate that a 
small conductive path of silicon remains of sufficiently high 
resistance to prevent the power transfer required for complete 
opening on subsequent programming attempts. 


Under these slow-blow conditions, sufficient time exists for the 
heat flow to carry a significant amount of energy away from the 
fuse preventing the normal abrupt separation. 


To investigate what might happen if a fuse were subjected to 
these under-blow conditions, a large number of fuses were 
deliberately programmed this way at AMD. After over two 
thousand hours of life testing there were no failures. It is clear 
from the study that partially blown platinum-silicide fuses are 





stable even though they will rarely occur in circuits which have 
been programmed under normal conditions. 


It should be noted that most manufacturers carefully specify 
the conditions under which their devices must be programmed 
in order to avoid reliability problems. Reliability data available 


_on these devices must be assumed to have been generated 
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using optimally programmed devices. 


The study described here, and over forty billion fuse hours of 
data from life testing many different production lots of PROMs 
and PAL devices demonstrates the outstanding reliability 
record of the platinum-silicide fuse under a wide variety of 
conditions. | 


RELIABILITY TESTING DATA 


Data on the reliability of PAL and PROM devices with 
platinum-silicide fuses is gathered via AMD's Reliability Moni- 
tor Program (RMP). The RMP is an ongoing program conduct- 
ed on all device types across all product lines, and is designed 
to ensure that all AMD devices meet acceptable reliability 
levels. A summary of the RMP tests for hermetic- and plastic- 
molded packages are shown in Tables 2-3 and 2-4. 


TABLE 2-3. RELIABILITY MONITOR PROGRAM FOR DEVICES IN HERMETIC PACKAGES _— 


Infant 160 hours at 125°C ambient. Initial and end-point 
Mortality electrical tests. 
Operating 1000 hrs (1160 total) at 125°C ambient. 
Life Initial and end-point electrical tests. 
Temperature 1000 cycles, (-65°C to 150°C), 30 min/cycle. 
Cycle end-point-hermeticity and electrical test. 

150°C 1000 hours at 150°C ambient. 


Operating Initial and end-point electrical tests. 
Cycle 



















* These units are hermetically tested prior to commencement of test. 







TABLE 2-4. RELIABILITY MONITOR PROGRAM FOR DEVICES IN MOLDED PACKAGES 


Infant | 160 hours at 125°C or 85°C ambient (T, < 150°C nominal). 
Mortality Initial and end-point electrical tests. 

Operating 1000 hrs (1160 total) @ 125°C or 85°C ambient 

Life (T; < 150°C, nominal). Initial & end-point electrical tests. _ 


















Temperature 85°C/85% RH/low-power bias, 500 hours and 1000 hrs. 
And Initial, interim, and end-point electrical tests. 
Humidity 





Temperature A. 1000 cycles: -65°C to 150°C, 30 minutes/cycle. High 
Cycle | temperature (75°C min) functional end-point electrical test. 
Pressure 121°C, 15 psi, 160 hours, unbiased, initial end-point 
Cooker electrical test. 
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Data on AMD PAL and PROM devices has been gathered over 
millions of device hours and more than 40 billion fuse hours of 
high-temperature operating life tests (HTOL). The life-test 
circuits used in this work conform to MIL-STD-883 Method 


1005, Conditions C and D, and are shown in Figure 2-17. A 
summary of this data is shown in Table 2-5, which indicates a 
projected unit-failure rate (at 60% confidence) of 0.0002%/ 


1000 hours at 70°C. 
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Figure 2-17. Life-Test Circuits for AMD PALs 
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(16K-bit PROM) 
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IMOX 
(8K-bit PROM) 


TABLE 2-5. BIPOLAR PAL AND PROM RELIABILITY SUMMARY 


Total 
Fuse 
Hours 
(Billions) 


Unit Failure Unit Failure 

Rate at 60% Rate at 60% 

Fuse Confidence Confidence 

Related %/1000 HRS | %/1000 HRS 
Failures at 125°C at 70°C 








Results of AMD's RMP are updated periodically and can be 
obtained through inquiry to any of the AMD Sales: Offices 
listed in the back of this handbook. 


THERMAL RESISTANCE 


The thermal-resistance values given in Table 2-6 can be used 
to calculate the junction temperatures (T,) of a given device at 


a given ambient or case temperature (T, or Tc) and power. 


level (P). The formulas below describe the reeeneip be- 
~ tween these variables: 


Ty =To> + OjcP 
Ty = Ta + Oy4P 


TABLE 2-6. THERMAL RESISTANCE VALUES 


[corte | 20 | 00 | 
frase oe [a [or | oo 











CR = Consult your local AMD representative. 


EQUIVALENT GATE COUNT 


Some methods of reliability prediction, such as those outlined 
in MIL-HDBK-217, incorporate into the reliability formula a 


variable to account for device complexity. This is based on the. 


‘assumption that— all other things being equal—as the 
complexity of a device increases, the probability of failure also 
increases. 


In order for the reliability formula to account for this phenome- 
na, some means of comparing device complexity must be 
used. The most predominant ''measuring stick'’ used today is 


the equivalent gate count, the ''equivalent gate" being a two- 
input NAND gate. 


Unfortunately, the only standard adopted to date is the gate 
itself and not how to translate various logic configurations into 
equivalent two-input NAND gates. 


Take for instance, a 32-input NAND gate. From a reliability 
standpoint, it is easy to see how a 32-input NAND gate is 
about as complex as sixteen 2-input NAND gates. Yet from a 
pure logic-conversion standpoint, it takes at least fifty-three 2- 
input NAND gates to functionally replace the S2-input NAND 
gate. 


In addition, there are circuit configurations that do not repre- 
sent any particular traditional logic block, but perform some 


. other functions such as sense amplifiers or input-voltage 


Circuitry. 

Programmable Logic Devices complicate matters even more 
due to the wide range of post-pogrammed configurations that 
are possible, ranging from a very simple utilization using few 
product terms to a more extensive utilization. 


Listed in Table 2-7 are equivalent gate counts for AMD's 
bipolar PAL devices. The equivalent gate count is given as a 
range for each of the devices to accomodate the range of 
possible post-programmed configurations and the inherent 
ambiguities associated with translating the device logic into a 
2-input NAND-gate equivalent. The values shown in Table 2-7 
are intended to give the user an idea of device complexity 
based on typical gate utilization of the programmed device. 


TABLE 2-7. EQUIVALENT GATE COUNT 


[19r6[ 20-950 
20XRP ~ 400-600 
[2986 [200-100 




















AMD uses both Bipolar and CMOS technologies to manufac- 
ture programmable logic devices. Sections 2.5.1 and 2.5.2 
provide a detailed description of these two technologies. 


2.5.1 IMOX-Ili™ — Advanced Bipolar 
Technology for PAL Devices 


In order to meet the next-generation requirements for speed 
and density in PAL devices, AMD has developed an advanced 
bipolar technology called IMOX-III. Although IMOX-III repre- 
sents a major breakthrough which will allow further scaling to 
the sub-micron region, the technology also shares many 
features in common with AMD's prior generations of 
technology, IMOX-II and IMOX-IIS. 


The revolutionary breakthrough of IMOX-IIl is the use of 
reactive-ion-etched grooves, called slots, to isolate the tran- 
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sistors. These slots are 1.5 microns wide, over 6 microns 
deep, and are filled with dielectric material (Figure 2-18). 
Because the transistors are not isolated by junctions, space 
for depletion spreading is not necessary. Also, since the slots 
are etched anisotropically, thicker EPI layers can be isolated 
without increasing the isolation widths. Essentially, no density 
penalty is paid to achieve high breakdown voltages. Higher 
breakdown voltages are needed to support the programming 
voltages required to blow fuses in bipolar PAL devices. 
Smaller device sizes translates into faster circuits through 
smaller die sizes and reduced capacitances of active devices 
and metal interconnect. Another advantage of the slot isola- 
tion is reduced collector to substrate capacitance which offers | 
improved performance in many circuit configurations. 
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Figure 2-18. Slot Isolation 
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Overall, the IMOX-IIl process is a major step forward com- 
pared to IMOX-IIS. In addition to the slot isolation, stepper 
lithography, dry metal, and via etching have been imple- 
mented, resulting in a dramatic reduction in design rules. The 
slot isolation allows the silicon pitch to be reduced by one 
third. The steppers and plasma metal etching allow the metal 
pitch to be shrunk by one third also. Furthermore, the IMOX-III 
process was designed with a 20% shrink in mind. This scaling 
can be accomplished simply by shrinking the masks. 













The IMOX-III process shares many familiar features with its 
predecessor, IMOX-IIS. Oxide-walled bases and emitters are 
used to reduce the size and parasitic capacitances of transis- 
tors. lon-implanted emitters and bases are used to achieve the 
profile control necessary for high-performance transistors. The 
reliability of the transistor structure used in |MOX-IIl has been 
proven over millions of hours of high-temperature tests on 
AMD products that use IMOX-li and IMOX-IIS processes. 














Another key feature familiar to users of older generation AMD- 
PAL devices is the fuse technology. IMOX-Ill uses platinum- 
silicide fuses, identical to the fuse technology used on older- 
generation IMOX PAL devices. Programming yields are the 
highest of any fuse technology, and programming times are 
extremely short (about 300 ns). The reliability of the platinum- 
silicide fuse is unsurpassed by any other fuse technology. 














The IMOX-IIl technology also features two levels of metalliza- 
tion as does IMOX-II and IMOX-IIS. However, in the IMOX-III 
technology, both layers are stepper defined and plasma 
etched. . 





The IMOX-Ili technology is being applied to a family of high- 
performance PAL devices. The first of these is a ''D-speed"' 
20-pin PAL IC, which will run at 10 ns. Also designed in the 
IMOX-Ili technology are a family of high-performance ECL 
PAL devices. The first of these are the 24-pin AMPAL20EV8 
and AmPAL20EG8. These parts have 3600 programmable 
fuses in the AND/OR array. The high performance inherent in 
the IMOX-IIl technology gives the these ECL PAL devices a 
propagation delay of 6 ns and a cycle time of 8 ns (3.5-ns 
clock-to-output plus 4.5-ns setup time). This enables the 
AmPAL20EV8 or the AmPAL20EG8 to support a 125-MHz 
system. Table 2-8 lists the processes that are used to 
fabricate AMD's PAL devices. 


IMOX-III technology will enable AMD to develop third and 
fourth generations of PAL devices that will be significantly 
faster and more complex than the current devices. It will also 
reduce the cost of the new devices by significantly reducing 
die sizes or allowing more features to be added without 
increasing current die sizes. Faster and more complex PAL 
devices will permit system designers to build advanced 
computers, communications systems and instrumentation sys- 
tems at a much lower cost. 


TABLE 2-8. PROCESSES USED TO FABRICATE AMD'S PAL DEVICES 












Device 
16xx Family 
16xxB Family 
16xxD Family 
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2.5.2 ADVANCED CMOS TECHNOLOGY ued technology enhancements are in development that will 
FOR PAL DEVICES result in significantly reduced dimensions and increased 
packing densities, allowing production of even faster circuits at 



















In addition to the commonly used bipolar TTL and ECL lower cost. 

technologies, AMD also manufactures programmable logic 

devices using an advanced CMOS EEPROM-based technolo- The EE-cell, which can be electrically erased and repro- 
gy. This technology offers several significant advantages. grammed, contains a floating gate transistor structure (two 
Mainly it allows AMD to offer lower power parts of high layers of polysilicon) with a tunnel oxide region of less than 
complexity. PAL devices based on this technology can also be 100 A through which electrons can "tunnel" to either charge 
reprogrammed, unlike the bipolar fuse-based parts. In addi- or discharge the cell (See Figure below). An additional 
tion, since the EE-cells can be reprogrammed, these devices enhancement transistor has been added in series with the 
can be 100% tested at the factory before being shipped to the storage cell to prevent leakage in the non-selected discharged 
customer. cells (as they have a negative threshold) during a charge 
This production-tested CMOS process employs state-of-the- sensing cycle. This transistor also protects non-selected EE- 
art design rules. It uses stepper lithography on all critical levels cells on the same word line during the charge cycle. The 
with a minimum feature size of 1.5 microns. The transistor gate tunnel oxide process developed by AMD allows easy manu- 
oxide thickness is approximately 300 A. This advanced facturing of ultra-high quality, thermally grown thin oxide 
process permits volume production of EEPAL devices with capable of withstanding the high fields associated with the 
state-of-the-art speed-power performance. In addition, contin- tunneling mechanism. 
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The EEPAL process has a proven history of reliability since it manufacture PAL devices because of the superior flexibility it 
has been used to manufacture N-channel EEPROM devices offered without compromising performance. 


for several years at AMD. These devices have been in the field 
for a long period and have gone through extensive testing at 
the factory (See the Am9864 Reliability Report which can be 
obtained by contacting an AMD representative). 


One of the major benefits of EEPROM technology is 100% 
testability. The EEPAL devices can be fully and more easily 
tested since they are electrically erasable. Compared to 
EEPAL devices, EPAL (based on EPROM technology) devices 
cannot be easily reprogrammed since they require a lengthy 
amount of exposure to ultraviolet light to be erased. Also, if 
EPAL devices are placed in a conventional non-windowed 
package (which is easier and cheaper to produce), they 
cannot be reprogrammed. EEPAL devices do not face these — 
problems. EPAL devices also require additional circuitry to 
improve testability due to the lack of flexibility in programming. 
This adds significantly to the design cycle time since additional 
design and debugging time are required. Overall, EE-cell 
‘based technology is more attractive in the long run to 
manufacture PAL devices. . 


Users of devices that are based on EE-cell technology have 
two concerns about the technology: Endurance (number of 
program or write cycles) and Data Retention (charge storage 
from the last time the cell was updated). The endurance issue 
is of little significance to EEPAL users, as opposed to 
EEPROM users, since the PAL devices are usually repro- 
grammed only several times, whereas EEPROMS are written 
up to 10,000 times. AMD's process is capable of supporting 
higher impedance levels than are specified for PAL devices. 


The second concern arises over the leakage of charge from 
the EE-cell over a period of time, thus potentially degrading With both bipolar (TTL and ECL) and CMOS technology 


the device's performance. At AMD this issue is resolved by capabilities, AMD is in an ideal position to meet customers’ 
designing the PAL circuits so that performance is guaranteed needs for different programmable logic devices. AMD can 
to the factory specifications under worst-case conditions for a choose the proper technology to produce the PAL device that 
minimum of 10 years. If the device is reprogrammed with the the customer requires. Where blazing speed is needed bipolar 
same or a different pattern during this period, functionality is is the technology of choice, whereas for low-power high- 
assured for another 10 years from that time. complexity devices CMOS technology is appropriate. Over the 

i. next several years enhancements will be made to both these 
The CMOS PAL Family could have been implemented with technologies allowing production of even faster, lower power, 


either EPROM or EEPROM technologies, both of which are in and more complex PAL devices. The flexibility to choose 
production at AMD. AMD chose the EEPROM technology to technology permits AMD to better serve its customers. 
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3.1 OVERVIEW 


Programmable Logic Devices (PLDs) are off-the-shelf custom 
devices. Combining the flexibility of custom logic and off-the- 
shelf availability of standard products, programmable logic 
devices offer attractive logic design solutions. Because their 
higher levels of integration and other features such as pro- 
grammable {/O pins, polarity controls, flexible output 
structures, etc. (see Section 1 for detailed discussion), designs 
based on PAL devices result in lower parts count compared 
with those based on discrete SSI/MSI logic. Existing PAL 
devices have been widely used to consolidate random logic 
into a structured form in many digital systems. PLDs are used 
in MOS microprocessors, single-chip microcomputer systems, 
and in bipolar bit-slice microprocessorbased systems. Typi- 
cally, domain of PLD applications includes all SSI/MSI logic. 
Wherever SSI/MSI logic is used, PLDs are likely candidates for 
those applications. 


Applications for PAL devices can be in one of the following 
categories: 


SSI/MSI Logic Replacement: This includes combinatorial 
logic functions (Such as special-purpose decoders/priority en- 
coders, multiplexers/demultiplexers, comparators, ad- 
ders/subtractors), synchronous or asynchronous sequential 
functions (such as special-purpose counters—binary counters, 
decade counters, gray-code counters, Johnson counters, 
modulo counters using registered flip-flops) or logic using 
latches and glue logic (for replacing many discrete flip-flops). 


State-Machine Applications: These can be very simple state 
machines such as counters or more complex state machines 
such as bus controllers, bus arbiters, DRAM controllers, DMA 
controllers, FIFO controllers, or dual-port memory controllers. 


Microprocessor/Single-Chip Microcomputer Interface: |n- 
terface to various LSI/VLSi peripheral controller chips. 


Other Miscellaneous Functions: Such as memory-refresh 
generation, wait-state generation, timer/counter functions, er- 
ror detection/control and memory scrubbing functions. These 
functions may also include various I/O interface and support 
—-such as intelligent !/O ports, data-communications interface 
(for protocol conversion), display or front-panel interface, key- 
board scanning, disk and tape drive controls, standalone 
microprocessorbased controllers (stepper-motor control, sen- 
sor monitor, etc.), or support for image processing and signal 
processing. 


APPLICATION OF PAL DEVICES 
IN DIGITAL SYSTEMS 


A typical digital system can be partitioned into three general 
areas: 1) data path, 2) control path, and 3) interface path (giue 
area). 


Data-path functions typically include data manipulation (ALUs), 
data storage (register file, pipeline registers, etc.) and data- 
steering/selection (multiplexing/demultiplexing). Typically, the 
data-path portion of a system is the most structured portion. 
This is likely to be defined relatively early in the design cycle, 
and is less likely to be changed. Usually performance and 
density are important for the data-path area. 


Control-path functions include the timing, sequencing and 
decision making segments of the digital system. These sec- 
tions are normally implemented with state machines—either 
with random logic, PROMs, brRAMs. The control section is the 
most complex portion of a digital system. It is likely to contain 
subtle errors and requires many changes during prototyping. 
Performance and design turnaround time tend to be critical for 
the control path, while density considerations are less 
important. . 


Interface or glue applications fulfill miscellaneous functions. 
Typically, interface circuitry connects various LSI modules, 
such as microprocessors, peripherals, memories, and gate ar 
rays. For interface applications, logic flexibility and design turn- 
around time are critical. 


PAL devices, because of their general-purpose nature, are 
used in all of these areas. 


In the data path they can be used for data steering and data 
manipulation. Using PAL devices for data steering simplifies 
the implementation of a multiple-bus architecture. Data 
manipulation may include functions such as 16/32/64-bit cus- 
tomizable bidirectional shifters, barrel shifters, constant- 
generation logic, and sign-extension logic. 


In control path, PAL devices are used extensively for 
optimizing control functions, such as instruction predecoding, 
double pipelining control, register-file control, and special in- 
struction control. 


Interface and glue-logic applications include interfacing various 
peripherals to different microprocessors, and interfacing differ- 
ent peripherals to different buses. PAL devices are ideal for 
replacing SSI/MSI devices, for saving board space and provid- 
ing user customizability. There are several problems associ- 
ated with interfacing a general-purpose peripheral device to a 
microprocessor. The system designer has to watch for various 
control signals that each chip uses and its compatibilities. 


One of the most common use of PAL devices for interfacing 
applications is to perform chip-select decoding and address 
decoding from address and status signals. PAL devices offer 
the flexibility of timing generation and doing timing changes. 
Timing changes can be simply implemented by adding or 
changing a term in the logic equations and reprogramming the 
device. 





For interfacing different peripherals to microprocessors, PAL 
devices can be used for generating address strobes, data 
strobes, Read/Write and interrupt-acknowledge signals based 
on the status information available from the microprocessor. 
They can be used for generating coordinated timing signals 
——such as simultaneous assertion/disassertion of various sig- 
nals, automatic insertion of a variable number of wait states to 
match different-speed microprocessors and peripherals. 


For various bus-interface applications, the most common use 
of the PAL device is for implementing bus-arbitration and bus- 
control functions. Bus arbitration and bus grant control function 
is done by monitoring various transferrequest signals and 
deciding which request gets the bus and when it gets the bus. 
In multi-master systems, some sort of arbitration scheme and 
prioritization scheme needs to be incorporated. This can be 
done by assigning different priorities to different bus masters. 
Bus arbitration functions include request synchronization, bus 
grant/access control functions and generation of various con- 
trol signals. | 


This application section is organized into the following sub- 
sections: 


. Section 3.2 describes simple combinatorial functions (such as. 


multiplexers/demultiplexers, encoders/decoders and com- 
parators) implemented with PAL devices. 


Section 3.3 describes some sequential applications such as 
counters (Modulo counters, Johnson counter, dual 4-bit BCD 
counter, and a Grey-binary counter) and shifters. 


_ Section 3.4 describes various microprocessor interfaces to dif- 


ferent peripheral chips using PAL devices. 


Section 3.5 describes various bus interface and bus functions 
(such as bus arbitration, bus control) using PAL devices. 


Section 3.6 describes various miscellaneous functions imple- 
mented with PAL devices. . 


Many of the examples shown are paper designs and modifi- 
cations may be necessary when using them in actual 
applications. AMD assumes no responsibility for the use of any 
application described. 





3.2 COMBINATORIAL LOGIC 


3.2.1 MULTIPLEXERS 


The multiplexer (also called data selector) is used to selectively 
route data from several inputs to one output. 


Three 4-to-1 Multiplexers (AmPAL18P8) 


A simple 4-to-1 multiplexer has four data input lines and two 
control lines that select which one of the four data inputs is to 
be passed to the output. The function table for this device is 
shown in Table 3-1. 


Each AND gate has a data input and a two-input combination 
of select inputs. Given one of four possible combinations of 
select bits, only the AND gate corresponding to this combina- 
tion is enabled, allowing the desired input data to pass to the 
output. This can easily be expanded to accommodate more 
data by adding more select lines and data inputs. For every n 
select lines there can be 2" data inputs, each of which require 
one product term. 


TABLE 3-1. FUNCTION TABLE FOR 4-TO-1 MULTIPLEXER 





Three 4-to-1 multiplexers require twelve inputs, three outputs, 
and two control select pins, for a total of seventeen input/output 
pins. Each output needs four product terms. These require- 
ments are satisfied by a single AmMPAL18P8 device. The cor- 
responding PLPL specification and the sum-of-products 
equations generated by the compiler are shown in Figure 3-1. 


Four 3-to-1 Multiplexers (AmPAL18P8) 


Four 3-to-1 multiplexers require twelve inputs, four outputs, 
and two control select pins, for a total of eighteen input/output 
pins. Each output needs three product terms. These require- 
ments are satisfied by a single AmPAL18P8 device. The cor- 
responding PLPL specification and the sum-of-products 
equations generated by the compiler are shown in Figure 3-2. 
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16-to-1 Multiplexer (AmPAL22V10) 


The 16-to-1 multiplexer requires sixteen inputs, one output, 
and four control select pins, for a total of twenty-one in- 
put/output pins. These requirements are satisfied by a single 
AmPAL22V10 device. The corresponding PLPL specifications 
and the sum-of-products equations generated by the compiler 
are shown in Figure 3-3. 


3.2.2 DEMULTIPLEXER 


A decoder with an enable input can function as a demultiplexer. 
A demultiplexer is a circuit that receives information on a single 
line and transmits this information on one of 2" possible output 
lines. The selection of a specific output line is controlled by the 
bit values of n selection lines. 


Dual 2-to-4 Demultiplexers (AmPAL16H8) 


This design implements dual 2-to-4 demultiplexers on an Am- 
PAL16H8. Each demultiplexer is individually enabled but 
shares the same select input lines with the other (see Table 3-2 
and 3-3). The corresponding PLPL specification and the sum- 
of-products equations generated by the compiler are shown in 
Figure 3-4. 


TABLE 3-2. FUNCTION TABLE FOR 
FIRST DEMULTIPLEXER 
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TABLE 3-3. FUNCTION TABLE FOR 
SECOND DEMULTIPLEXER 
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DEVICE THREE _4 TO 1 MULTIPLXER (PAL18P8) TEST_VECTORS 


PIN DAQ=1 DA1=2 DA2=3 DAS =4 IN DAO DA1 DA2 DA3 DBO DB1 DB2 DB3 
DBO =5 DBI1=6 DB2=7 DB3=8 | DCO DC1 DC2 DC3 SELO SEL1 ; 
pcO=9 DC1 = 11 DC2 = 12 DC3 = 13 | OUT OUTA OUTB OUTC ; 
OUTA = 14 | 
OUTB = 15 7 | BEGIN 
OUTC = 16 "DA[0:3] DBL0:3] DC{0:3] SELO SEL1 OUTA OUTB OUTC" 
SELO = 17 . 1000011110000 0 4H +-L 4H; 
SEL1 = 18 > 0100101101000 414 ##H kL 4H; 
0010110100101 0 4H +L 4H; 
DEFINE 0001111000011 #4 +H jL 4H; 
SO = /SELO * /SEL1 ; 0111100001110 0 .L 4H tL; 
S1 = /SELO * SEL1; 1011010010110 4 +L oH lL; 
S2 = SELO * /SEL1 ; 1101001011011 O cL Hu tL; 
S3 = SELO* SEL1; 1110000111101 4 #+%bL oH lL; 
END. 
BEGIN 
IF (SO) THEN BEGIN 
UTA = DAO ; 
OUTB = DBO ; 
OUTC = DCO ; 
END ; 
IF ($1) THEN BEGIN 
OUTA = DAI ; 
OUTB = DB1 ; 
OUTC = DCI ; 
END ; 
IF ($2) THEN BEGIN 
OUTA = DA2 ; 
OUTB = DB2 ; 
OQUTC = DC2 ; 
END ; 
IF ($3) THEN BEGIN 
OUTA = DA3 ; 
OUTB = DB3 ; 
OUTC = DC3 ; 
, END ; 
END. 


Figure 3-1. AmPAL18P8 PLPL Specification—Three 4-to-1 Multiplexers 
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DEVICE FOUR_3 TO 1 MULTIPLXER (PAL18P8) 


FOUR 3:1 MULTIPLEXER 


PIN DAQ=1 DAl=2 DA2=3 
DBO =4 DBI1=5 DB2=6 
pco=7 ovcl=8 opcC2=9 
DDO = 11 DD1 = 12 DD2 = 13 
OUTPUTA = 14 OUTPUTB = 15 
OUTPUTC = 16 OUTPUTD = 17 
SELECTO = 18 SELECT1 = 19 ; 
BEGIN 
IF (/SELECTO) THEN BEGIN 
OUTPUTA = DAO ; 
OUTPUTB = DBO ; 
OUTPUTC = DCO ; 
OUTPUTD = DDO ; 
END ; 
IF (SELECTO*/SELECT1) THEN BEGIN 
OUTPUTA = DA! ; 
OUTPUTB = DB! ; 
OUTPUTC = DC1 ; 
OUTPUTD = DD1 ; 
END ; 
IF (SELECTO*SELECT1) THEN BEGIN 
OUTPUTA = DA2 ; 
OUTPUTB = DB2 ; 
QUTPUTC = DC2 ; 
OUTPUTD = DD2 ; 


END ; 
END. 


Figure 3-2. AmPAL18P8 PLPL Specification—Four 3-to-1 Multiplexers 
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DEVICE 16 TO 1 MULTIPLEXER (PAL22V10) 


PIN 


BEGIN | 


END. 


DO = 1 Di =2 
D4 =5 D5 = 6 
D8 = 9 D9 = 10 
Di2= 14 D13= 15 


OUTPUT = 18 
SELO = 19 


SEL2 = 21 


CASE (SELO, SEL1, 

BEGIN 
0) OUTPUT 
1) OUTPUT 
2) OUTPUT 
3) OUTPUT 
4) OUTPUT 
5) OUTPUT 
6) OUTPUT 
7) OUTPUT 
8) OUTPUT 
9) OUTPUT 
10) OUTPUT 
11) OUTPUT 
12) OUTPUT 
13) OUTPUT 
14) OUTPUT 
15) OUTPUT 

END ;. 
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Figure 3-3. AmPAL22V10 PLPL Specification—16-to-1 Multiplexer 
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DEVICE DUAL_2_TO_4 DEMULTIPLEXER (PAL18P8) _ #810) BEGIN 


PIN A=2 B=1 . | Y2{2] = 0; 
G1=3 G2=4 Y2(0,1,3] = #8111 ; 
ci =5 c2=6 END ; 

Y1(0:3] = 19:16 #811) BEGIN 
Y2(0:3) = 15:12 ; Y2(3) = 0; 
BEGIN Y2(0:2) = #8111 ; 
IF (G1 + /C1) THEN Y1(0:3] = #81111 ; END ; 
IF (/G1 * C1) THEN BEGIN END; 
CASE (B,A) END ; 
BEGIN END. 

#800) BEGIN 
y1(0] =0; 
Yi(i:3) = #8111; TEST_VECTORS 

END ; iN BA G1 Ci G2 C2; 

#801) BEGIN OUT ¥1(0:3] Y2(0:3) ; 
Yiti] = 0; 
Y1(0,2,3] = #8111 ; : BEGIN 

END ; "BA G1C1 G2C2 Y1(0:3] Y2{0:3] * 

#810) BEGIN Meee nen e en nee eee cee eee tere tence ences " 
Yit2] =0; xX 4X 4k j%HHHH  HHHH; 
Y1(0,1,3] = #8111 ; 00 01 O00. LHHH LHHH; 

END ; 01 O11 OO HLHH HLHHE; 

#811) BEGIN 10 0 1 0 0 HHLH HHLH; 
Y1(31 = 0; 171 O1 O00 HHHL HHKL; 
Y1(0:2] = #8111 ; XxX x 0 xX 1 jHHHH HHHH; 

END ; END. 


END ; 
END ; 
IF (G2 + C2) THEN Y2(0:3] = #81111 ; 
IF €/G2 * /C2) THEN BEGIN 


CASE (B,A) 
BEGIN 
#800) BEGIN 
Y2(0] =0; 
Y2(1:3] = #8111 ; 
END ; 
#801) BEGIN 
Y2t1] =0; 
Y2(0,2,3] = #8111 ; 
END ; 


Figure 3-4. AmPAL16H8 PLPL Specification—Dual 2-to-4 Multiplexers 
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Gray Code to Decimal Demultiplexer 
(AmPAL22V10) 


This design implements an excess-3-gray-to-decimal decoder 
(see Table 3-4). It is functionally equivalent to '44A and 'L44 
MSI circuits and can be implemented in a single AMPAL22V10 
device. The corresponding PLPL specification and the sum-of- 
products equations are shown in Figure 3-5. 
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TABLE 3-4. FUNCTION TABLE FOR GRAY-CODE- 
TO-DECIMAL DEMULTIPLEXER 
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DEVICE GRAY_CODE_TO_10_DEMULTIPLXER (PAL22V10) 


PIN A=4 B=3 C=2 D=1 
Y(0:9] = 14:23 ; 
BEGIN 
CASE ( D,C,B,A) 
BEGIN 
#80010) Y(0:9) = #B80111111111 ; 
#80110) Y(0:9] = 481011111111 ; 
#80111) Y(0:9) = 481101111111 ; | 
#80101) Y(0:9] = 481110111111 ; 
#80100) Y{0:9] = #81111011111 ; 
#81100) Y(0:9) = #81111101111 ; 
#81101) Y(O:9] = #81111110111 ; 
#81111) Y(0:9] = 481111111011 ; 
#81110) Y(0:9] = 481111111101 ; 
#81010) Y(0:9] = 481111111110 ; 
#80000) Y(0:9) = 481111111111 ; 
#80001) Y{0:9] = 481111111111 ; 
#30011) Y(0:9] = #81111111111 ; 
#81000) Y(0:9] = #81111111111 ; 
#81001) Y(0:9] = 481111111111 ; 
#81011) Y(0:9] = #81111111111 ; 
END ; 
END. 


TEST_VECTORS 
IN DCBA; 
QUT Y (0:9) 


’ 


BEGIN 
"CBA 
0010 
110 
11 
01 
00 
00 
01 
11 
10 
010 
000x 
100xX 
x011 
END. 
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Figure 3-5. AmPAL22V10 PLPL Specification—Gray Code to Decimal Demultiplexer 


3.2.3 ENCODERS/DECODERS 


A binary code of r bits is capable of representing up to 2" 
distinct elements of coded information. A decoder is a com- 
binatorial circuit that converts binary information from n input 
lines to a maximum of 2" unique output lines. If the n-bit 
decoded information has unused or don’t-care combinations, 
the decoder output will have less than 2” outputs. 


An encoder is a digital function that produces a reverse opera- 
tion from that of a decoder. An encoder has 2" (or less) input 
lines and n output lines. The output lines generate the binary 
code for the 2” variables. 


A priority encoder establishes an input priority to ensure that 
only the highest-priority input line is encoded. 


16-to-4 Priority Encoder (AmPAL22V10) 


The 16-to-4 priority encoder requires sixteen inputs and four 
outputs, for a total of twenty input/output pins. Each output 
needs eight product terms. These requirements are satisfied 
by a single AmPAL22V10 device. The function table (Table 
3-5), PLPL specification and sum-of-products equations 
generated by the compiler are shown in Figure 3-6. 


TABLE 3-5. FUNCTION TABLE FOR 16-to-4 PRIORITY ENCODER 
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[708 [102 | 10% | 100. 
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DEVICE PRIORITY _ENCODER_16 TO 4 (PAL22V10) 


"ENCODE 16 DATA LINES DECIMAL INTO 4 LINE BINARY" 


PIN 


BEGIN 


END. 


IF 


IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 


IF 


IF 


IF 


1=1 1252 1323 H4=4 1525 
1=6 I7=7 18=8 19=9 110 = 10 
Mm1=14 M2213 13214 114 = 15 
115 = 16 10 = 23 

/0(3:0] = 17:20 ; 


(118 12*13*14*15*16*17*18*19*1 1081 11*112*113*114*115) THEN 
O[3:0] = #80000 ; 

(/115) THEN 03:0] = 15 ; 

(115*/114) THEN O[3:0] = 14 ; 

(115*114*/113) THEN 0[3:0] = 13 ; 

(115*114*113*/112) THEN 03:0] = 12; 

(115*114*113*112*/111) THEN Of3:0] = 11; 

(115*114*113*112*111*/110) THEN O[3:0] = 10 ; 

(115*114*113*112*111*110*/19) THEN O[3:0] = 9 ; 

(115*114*113*112*111*110*19*/18) THEN O[3:0] = 8 ; 

(115*114*113*112*111*110*19*18*/!7) THEN O[3:0) = 7; 

(115*114%113*112"111*110*19*18*17*/16) THEN O[3:0] = 6; 

(115*114*113*112*111*110*19*18*17*16*/15) THEN 


0(3:0]) =5; . 
C115*114*113*112"111*110*19* 18*17*16*15*/14) THEN 
0[3:0] = 4; 


C115*1146*113%112"111*1 10*19*18*1 7*16*15*14*/13) THEN 
0(3:0] = 3; 

CL15*114*113*1 12" 11181 108 19* 181 7* 168 15*14*135*/12) THEN 
0[3:0] = 2; 


CLUS*114*113*1 12111" 1 10*19*18*17* 16*15*14*13*12*/11) THEN 


0(3:0] = 1; 


TEST_VECTORS | 7 
IN 10 11 12 13 14 15 16 17 18 19 110 111 112 113 114 115 ; 
OUT /0[3:0) ; a. 


BEGIN | 
"ETEPIPbrIrrrrridriil 000 0" 
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Figure 3-6. AmPAL22Vi0 PLPL Specification—16-to-4 Encoder 





GCR (4B-5B) 
Encoder/Decoder 


One of the more common logic functions performed on serial 
data is the data encode/decode function. Usually it is desir- 
able to map (encode) the logical bit stream to a physical bit 
stream, adjusting for the peculiarities of the particular trans- 
mission or storage media. 


Noise, bandwidth, and reliability considerations may mean 
that a different data format would be desirable when data is 
sent along to or stored on a given media. For example, group- 
coded recording (GCR) formats take a given number of data 
bits and encode them with a larger number of bits. A 4B-5B 


GCR code would take 4 data bits and encode them into 16 
states with 5 new bits. A particular 4B-5B code is shown in Table 
3-6. . 

This mapping allows at. most two zeros to occur in succes- 
sion. Also note that data combinations with more than one 
zero at the beginning and end of the word are excluded. This 
is necessary to insure that when data words are Serialized, no 
more than two zeros occur in succession at any point in the 
bit stream. Finally, the data combination 11111 is reserved as 
a synchronization mark. In tape systems, this results in in- 
creased bit density and eases clock synchronization. 


TABLE 3-6. 4B-5B CODE 


4B-5B Code 
4-Bit Data 5-Bit Data 
0000 11001 
0001 11011 
0010 10010 
001 1 10011 
0100 11101 
0101 10101 
°0110 10110 
0111 10111 
1000 11010 
1001 01001 
1010—- 01010 
1011 01011 
1100 11110 
1101 01101 
1110 01110 
A A 01111 
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The system diagram in Figure 3-7 shows how the GCR En- 
-coder/Decoder (GCR E/D) interfaces to a tape drive and tape 
controller. Parallel input data is given to the GCR E/D, con- 
verted to the 5-bit format, serialized, and written to the tape. 
On a read, the serial data from the tape is parallelized, con- 
verted back to the 4-bit format and output to the output data bus. 
Additionally, during a read, two status signals are developed. 
The first signal, INV, indicates the presence of an invalid input, 
ie:, too many zeros in succession. The second status signal, H, 
indicates the detection of the synchronization mark (11111). 


The operation modes for the GCR E/D are shown in the Data- 
Flow Diagrams of Figure 3-8. The control signal definition and 
operation functions are indicated for each operation mode. 
In particular, the data flow between each bit of the output 
register is indicated schematically. 


The first mode of operation of the GCR E/D is the HOLD 
mode. When ENABLE is HIGH, all data operations on the out- 
put register are disabled, independent of the two mode con- 
trols, M; and Mo. The output data is simply fed-back to the 
register inputs. Thus the register content is retained. after the 
Clock transition. 


When the ENABLE input is LOW, the operations indicated by 
the M; and Mgmode bits are executed on the clock transition. 
When M, and Mog are both LOW, the SERIAL SHIFT IN modeis 
selected. In this mode the output register is configured as a 
serial shift register. The serial input is consecutively shifted 
into the register until all 5 bits from the tape have been stored, 
MSB at Y3 and LSB at SERIAL OUT. 


The CONVERT SERIAL INPUT AND LOAD operation is se- 
lected when ENABLE is LOW, M, is HIGH and Mo is LOW. 
After the 5 bits of data have been serialized by the SERIAL 
SHIFT IN instruction, the 5B code must be converted to a 4B 
code. This is accomplished by taking the outputs of the 5 
register bits and converting them to 4 bits with combinatorial 
logic. On the clock transition, the result is loaded into the Y 
register. On the same clock transition that loads the con- 
verted data into the Y register, the serial input is loaded into 
the serial output register. Because the serial data is being 
read continuously, one data bit per clock transition, the con- 
version must be done without missing a serial data bit. 


The CONVERT PARALLEL INPUT AND LOAD operation is 
selected when ENABLE is LOW, M, is HIGH and Mois HIGH. 
This mode takes the 4 input data bits and converts them to 
the 5 bit representation. The result is loaded into the output 
register on the clock transition. The LSB of the 5B representa- 
tion is loaded into the Y3 bit of the output register and the 
MSB is loaded into the serial output bit. This configuration, in 
conjunction with the next instruction, allows the serial data 
to be written to the tape drive one bit per clock transition. 


The final operation, SERIAL SHIFT OUT, is selected when 
ENABLE is LOW, M, is LOW and Mo is HIGH. After the CON- 
VERT PARALLEL INPUT AND LOAD operation is executed, 
the SERIAL SHIFT OUT operation outputs the converted data 
to the tape drive. A series of one convert operation followed 
by 4 shift operations will transfer a sequence of 5-bits to the 
tape drive, one bit per clock cycle. | 


INPUT DATA BUS _ 


_ SERIAL-IN 
TAPE 
DRIVE SERIAL-OUT 





CONTROL r 


CONTROLLER 
> 


CLK 


DATA 
ENCODER/DECODER 


OUTPUT DATA BUS 





03862A-94 


Figure 3-7. Typical Tape Storage System 
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ENABLE 


DATA-FLOW DIAGRAM 








Mi Mo OPERATION 
| | - in in 
Y3 Y2 Y Yo SERIAL 
OUTPUT 
SERIAL 
INPUT 
0 0 SERIAL 
SHIFT IN 
Y3 Y2 Y1 Yo SERIAL 
OUTPUT 
1 0 CONVERT 
SERIAL INPUT CONVERT 5B TO 4B 
AND LOAD 
Y3 Y2 Yi Yo SERIAL 
OUTPUT 
1 1 CONVERT 
PARALLEL INPUT 
AND LOAD CONVERT 4B TO 5B 
Ba 
Y3 Y2 ‘1 Yo SERIAL 
OUTPUT 
0 1 SERIAL 
SHIFT OUT 
Y3 Y2 ‘1 Yo SERIAL 
OUTPUT 
Figure 3-8. GCR E/D Mode Definitions 03862A-95 
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Design Approach (ARPAETONG) 


The PAL implementation of the GCR Encoder/Decoder takes 
advantage of the multiplexer-like structure of the AND-OR ar- 
ray. Each valid combination of. ENABLE, M, and Moselects a 
different set of AND terms. In some cases, only one term is 
selected (in data steering operations for example). In other 
cases, multiple AND terms are selected to implement a com- 
binatorial logic function (the 5B-to-4B conversion for example). 
This concept, using the control inputs to enable one or more 
AND terms, allows the direct implementation of the PAL design 
from the mode Data-Flow Diagrams (with a little Karnaugh map 
help). The K-Maps for the 5B-to-4B conversion logic and the 
4B-to-5B conversion logic for the Y3 output are shown in Figures 
3-9 and 3-10. Given these maps and the flow diagrams in Figure 
3-8, the Boolean equations can be constructed for the Y3 output. 
The resulting equation, in PALASM format, is shown in Figure 
3-11. 


It is important to note that the equation in Figure 3-11 is written 
for the inverse of the Y3 output (Y3). This is necessary if true 
data is desired on the output pin because of the inverting 
nature of the output buffer on the PAL. The inverted form of 
the equation is easily implemented by selecting the negative 


version of the data (Yin the hoid operation for example) or by 


grouping zeros in a combinatorial logic function (see Figures 
3-9 and 3-10). Notice that the multiplexer strategy works equally 
well for active-LOW or active-HIGH logic functions. 


Once the transformation of the Data-Flow Diagrams and 
K-Maps to Boolean equations is understood, the interested 
reader should be able to construct K-Maps for the other Y out- 


puts and, in conjunction with the Data-Flow Diagrams of 





A3 = Y3* Y2 + Y3* Sout 
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Figure 3-9. 5B-to-4B Conversion K-Map for Y; Output 


Y¥3:= EN*Y3 


EN « Mi * Mo * Y2 
EN * Mi * Mo * Sout 


EN * Mj * Mo * Y3 * Sout 


EN * Mi * Mo * Y3 * Yo 
EN * M1 * Mo * D3 * Do 


EN * M1 * Mo * Dy * Do 


Figure 3-11. PALASM Equation for Y; 


Figure 3-8, write the PALASM equations for the resulting logic 
functions. This exercise will help the reader to fully appreci- 


_ate the advantages of the Data-Flow Diagram/Multiplexer 


method of PAL design. Consult the full PALASM listing (Figures 
3-15 and 3-16) for the complete solutions. 


It is important to note that the diagrams and equations in Fig- 
ures 3-12, 3-13, and 3-14 specify the true output for invalid 
signal (INV), rather than INV which appears in the system dia- 
gram of Figure 3-7. This is necessary if the correct data is 
desired on the output pin and is due to the inverting nature of the 
output buffer on the PAL device. 


Once the data portion of the Encoder/Decoder is completed, 
only the two status outputs, H and INV, need to be imple- 
mented. H indicates the synchronization mark (11111) has 
been detected and is simply an AND of Y3 through Soyr. INV 
indicates an invalid serial input was received. 


The INV signal is registered and held until the clear INV flag 
input (CIF) is brought LOW, deactivating the flag. Only during 
a 5B-4B conversion operation (M; = HIGH, Mp = LOW) is the 
INV flag activated. Figures 3-12 and 3-13 show the INV flag 
mode definitions and the intermediate INVALID logic equation 
respectively. 


In this case, an active-LOW output is desired so the active- 
HIGH form of the INV signal is developed internally. Ones 
are grouped in the intermediate combinatorial logic function 
(INVALID) and the true version of the data is selected. The 
complete PALASM equation for INV is given in Figure 3-14. 


D1Do 
00 0111 #10 





D3D2 


Bo = D3*Do +D1*Do 
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Figure 3-10. 4B-to-5B Conversion K-Map for Y; Output 


;HOLD 

;SERIAL SHIFT IN 
;SERIAL SHIFT OUT 
;CONVERT SERIAL 
INPUT AND LOAD 
;CONVERT PARALLEL 
INPUT AND LOAD 


t++tetetet 
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CIF 


INV:= 


Mi Mo OPERATION DATA-FLOW DIAGRAM 


“OQ” 
x x CLEAR INV 
FLAG 
INV 
0 0 HOLD INV 
0 1 FLAG . 
1 1 
INV 
1 0 SET INV Y3 Y2 Y1 Yo Sout 
FLAG 









INVALID 





INV 


Figure 3-12. INV Flag Mode Definitions — 03862A-99 


Y1Yo 





INVALID = Y3* Y2 + 
Y2 * ¥1* Yo + 
Yo « Sout + 
Y3 » Yo« Y1* Yo* Sout 03862A-100 


Figure 3-13. PALASM Equation for INVALID 


| 


CIF * INV ‘HOLD INV FLAG 
CIF « M1 * Mo * Y3 * Y2 +  ;SETINV FLAG IF INVALID IS TRUE 
CIF * M1 * Mo * Yo * Sout + 

CIF * M1 * Mo + Y2 * Yi * Yo + 

CIF * M1 * Mo * Y3 * Y2* Y1 * Yo * Sout 


03862A-101 
Figure 3-14. PALASM Equation for INV 





TABLE 3-7. FUNCTION TABLE FOR GCR (4B-5B) ENCODER/DECODER-_ 


FUNCTION TABLE 


Y3 Y2 Y1 YO SOUT /INV /H 
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TABLE 3-7. FUNCTION TABLE FOR GCR (4B-5B) ENCODER/DECODER (Continued) 


ERIAL SHIFT IN TEST 


OOOO AQ Chee ws 
Cee bt te a a 
ja os mie hs iho sis ai = | 


(SOP CS CEE! CET ST CE CUE EET Cte EY GUS CAEN CRY CE” GUE! Ga GENS MENS GieEED inet ERE GEE Canes EANNED GERNED GUNES GENT GOON? GENES Gress GENES Ges GANS GAN HRA IRE EE EE CEE GT ERD GREP NN Gee GAD GEES TE GOS Gee~ EPP GRRE CUES GS SEE GED GTS GEES CEED GUE GENT CNT ONS 


DESCRIPTION 

THIS PART IMPLEMENTS A 4B 5B ENCODER/DECODER FOR TAPE DRIVES. ON 

A WRITE IT ENCODES THE 4B INPUT DATA TO THE 5B FORMAT AND SERIALIZES 
THE DATA. ON A READ THE 5B DATA IS SHIFTED IN, RECONVERTED TO THE 
4B FORMAT, AND OUTPUT TO THE DATA BUS. 
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PAL16R6. PAL DESIGN SPECIFICATION 
PATOO3 _ . WARREN K. MILLER: 2/15/82° 
4B~5B ENCODER/DECODER 7 | ae tet -_ 
ADVANCED MICRO DEVICES — ; 

CK Ml MO D3 D2 D1 DO /EN /CIF GND - 

/E SIN /INV YO Yl Y2 Y3 SOUT /H VCC 


/SOUT := EN*/SOUT s HOLD : 
/EN* /M1*/MO*/SIN sSERIAL SHIFT IN ; 
/EN*/M1* MO*/YO sSERIAL SHIFT OUT see 
/EN* M1*/MO*/SIN sCONVERT SERIAL INPUT AND LOAD 
/EN* M1* MO* D3* D1 sCONVERT PARALLEL INPUT AND LOAD 
/EN* M1* MO* D3* DO ~ ; fee t 


++t+ + 


/YO  s= EN*/YO 7 
/EN*® /M1*/MO* /SOUT 
/EN*/M1* MO*/Y1 
/EN* M1*/MO*/SOUT 
/EN* M1*/MO* Y3* Y2*/YO 
/EN* M1* MO*/D3* D1 
/EN* M1* MO*/D3* D2*® DO 


t++etteet 


/Y1 . := EN*/Y1 
/EN*/M1*/MO*/YO 
/EN*/M1* MO*¥/Y2 
/EN* M1*/MO*/YO 

_ JEN* M1¥/MO* Y3* Y2 
/EN* M1* MO*/D2 


tee tt 


/Y2 = s= EN*/Y2 ; 
/EN*/M1*/MO*/Y1 
/EN*/M1* MO*/Y3 
/EN* M1*/MO*/Y1 
/EN* M1* MO*/D3*/D1*/DO 
/EN* M1* MO*/D3* D2*/D1 
/EN* M1* MO* D3*/D1* DO 


t+ett tt 


/Y3  s= EN*/Y3 
/EN*/M1*/MO*/Y2 
/EN*/M1* MO*/SOUT 
/EN* M1*/MO* Y3* SOUT 
/EN* M1*/MO* Y3*/Y2 
/EN* M1* MO* D3*/DO 
/EN* M1* MO* D1*/DO 


tee tt + 


INV := /CIF* INV + sHOLD INV FLAG 
/CIF* M1*/MO*/Y3*/Y2 + sSET INV FLAG IF INVALID TRUE 
/CIF* M1*/MO*/Y2*/Y1*/YO + . 
/CIF* M1*/MO*/YO*/SOUT + 
/CIF* M1*/MO* Y3* Y2* Y1* YO* SOUT 


H = Y3* Y2* Y1* YO* SOUT 


Figure 3-15. PALASM Listing (pg. 1 of 3) 
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PAL16R6 PAL DESIGN SPECIFICATION 
PATOO3 WARREN K. MILLER 2/15/82 
4B—5B ENCODER/DECODER 

ADVANCED MICRO DEVICES 

*D9724 

*FO* 

LOOOO 1111 1111 1111 1111 1111 1111 1111 1111 
L0032 1111 1101 1101 1101 1101 1101 1111 1111 
LO256 1111 1110 1111 1111 1111 1111 1011 1111 
LO288 1011 1011 1111 1111 1111 1111 0111 1110 
LO320 1011 0111 1111 1111 1111 1110 O8]11 1111 
LO352 0111 1011 1111 1111 1111 1111 0111 1110 
LO384 0111 0111 0111 1111 0111 1111 0111 1111 
LO416 0111 0111 0111 1111 1111 0111 0111 1111 
LO51Z 1111 1111 1110 1111 1111 1111 1011 1111 
LO544 1011 1011 1111 1110 1111 1111 0111 1111 
LO576 1011 0110 1111 1111 1111 1111 0111 1111 
LO608 0111 1001 1101 1111 1111 1111 0111 1111 
L0640 0111 1011 1101 1110 1111 1111 0111 1111 
LO672 0111 O111 0111 1111 1111 1011 0111 1111 
LO704 0111 0111 1111 1111 0111 1011 0111 1111 
LO768 1111 1111 1111 1110 1111 1111 1011 1111 
LO800 1011 1011 1111 1111 1110 1111 0111 1111 
LO832 1011 0111 1110 1111 1111 1111 0111 1111 
L0864 0111 1011 1111 1111 1110 1111 0111 1111 
LO896 0111 0111 1011 1111 1011 1011 0111 1111 
LO928 0111 0111 1011 0111 1011 1111 0111 1111 
LO960 0111 0111 0111 1111 1011 0111 0111 1111 
L1024 1111 1111 1111 1111 1110 1111 1011 1111 
L1056 1011 1011 1111 1111 1111 1110 0111 1111 
L1088 1011 0111 1111 1110 1111 1111 0111 1111 
L1120 0111 1011 1111 1111 1111 1110 0111 1111 
L1152 0111 1011 1101.1101 1111 1111 0111 1111 
L1184 0111 0111 1111 1011 1111 1111 0111 1111 
L1280 1111 1111 1111 1111 1111 1110 1011 1111 
L1312 1011 1010 1111 1111 1111 1111 0111 1111 
L1344 1011 0111 1111 1111 1110 111] 0111 1111 
L1376 0111 1010 1111 1111 1111 1111 0111 1111 
L1408 0111 1011 1101 1101 1111 1110 0111 1111 
L1440 0111 0111 1011 1111 0111 1111 0111 1111 
L1472 0111 0111 1011 0111 1111 0111 0111 1111 
L1536 1111 1111 1111 1111 1111 1111 1110 0111 
L1568 0111 1011 1110 1110 1111 111] 1111 0111 
L1600 0111 1011 1111 1110 1110 1110 1111 0111 
L1632 0111 1010 1111 1111 1111 1110 1111 0111 
L1664 0111 1001 1101 1101 1101 1101 1111 0111 
C8E23* 

VOOO1 XXXXXXXXXO1XZZZ7ZZX1 
VOOO2 CXXXXXXXOOOXHXXXXXX1 
VO003 C1111111100XHHHHHLH1 
VO004 COOXXXX11001HLHHHHH1 
VOOO5 COOXXXX11001HHLHHHH1 
VOOO6 COOXXXX11001HHHLHHH1 
VO007 COOXXXX11001HHHHLHH1 
VOOO8 COOXXXX11001HHHHHHL1 





KR KK KK KK KK KK KK KK KK KK KR KK KK KK KK KK KK KK KK KK 


* ke KK KK OK OK 


Figure 3-15. PALASM Listing (pg. 2 of 3) 


3-19 


~ VOO28 C1OXXXX11000HLHLLLH1 


VO009 C1100001100XHHLLHHH1 
VOO10 C1OXXXX11000HHHLLLH1 
VOO11 C1100011100XHHLHHHH1 
VOO12 C1OXXXX11000HHLLLLH1 
V0013 C1100101100XHLLHLHH1 
vOO14 C1OXXXX11000HHLLHLH1 
VOO15 C1100111100XHLLHHHH1 
VO0O16 C1OXXXX11000HLLLLLH1 
VO017 C1101001100XHHHLHHH1 
VOO18 C1OXXXX11000HHHHLLH1 
V0019 C1101011100XHLHLHHH1 
VO020 C1OXXXX11000HHLHLLH1 
V0021 C1101101100XHLHHLHH1 
v0022 C1OXXXX11000HHLHHLH1 
V0023 C1101111100XHLHHHHH1 
v0024 C1OXXXX11000HLLHLLH1 
v0025 C1110001100XHHLHLHH1 
V0026 C1OXXXX11000HHHLHLH1 
V0027 C1110011100XHHLLHLH1 


V0029 C1110101100XHHLHLLH1 
VO030 C1OXXXX11000HLHLHLH1 
VO031 €1110111100XHHLHHLH1 
VO0O32 C1OXXXX11000HLLLHLH1 
V0033 C1111001100XHHHHLHHI - 
VO034 C1OXXXX11000HHHHHLH1 
V0035 €1111011100XHHHLHLH1 
VO036 C1OXXXX11000HLHHLLH1 
V0O037 C1111101100XHHHHLLH1 
VO0O38 C1OXXXX11000HLHHHLH1 
V0039 C1111111100XHHHHHLH1 
VO040 C1OXXXX11000HLLHHLH1 
V0041 C1111111100XHHHHHLH1 
VOO42 CO1XXXX1100XHHHHLHH1 
VO043 CO1XXXX1100XHHHLHHH1 
VO044 CO1XXXX1100XHHLHHHH1 
VO045 CO1XXXX1100XHLHHHHH1 
VO046 CO1XXXX1100XHHHHHLH1 . 
VO047 CO1XXXX1100XHHHHLHH1 


* KK KK KK KK KK KOK KR RK KK KK ROK KK KK RK RK KK OK Ke KOK Ok 


CA76 


Figure 3-15. PALASM Listing (pg. 3 of 3) 
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Rows: Product Terms (0-63) 
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Figure 3-16. Logic Diagram for GCR Encodes/Decodes Using AmPAL16R6 
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3.2.4 COMPARATORS 


The comparison of two numbers is an operation that 
determines if one number is equal to the other number. 


6-Bit Comparator (AmPAL18P8) 


The 6-bit comparator establishes when two 6-bit data strings 


(AO—A5 and BO-B5) are equivalent {NE = L). Because the 


maximum number of product terms for each output pin is eight, 
we use one additional output pin (UPNE) for the comparison of 


the three most significant bits (UPNE = L if the upper three bits. 


are equivalent). It requires twelve inputs and two outputs, for a 
total of sixteen input/output pins. These requirements are 


satisfied by a single AmPAL18P8 device. The corresponding 
PLPL specification. and the -sum-of-products equations 
generated by the compiler are shown in Figure 3-17.: 


Octal Comparator (AmPAL22V10) 


The octal comparator establishes when two 8-bit data strings 
(A0-A7 and BO-B7) are equivalent (NE = L). It requires sixteen 
inputs, and one output pin. The single output needs sixteen 
product terms. These requirements are satisfied by one single 
AmPAL22V10. The corresponding PLPL specification and 
sum-of-products equations generated by the compiler are 
shown in Figure 3-18. . 
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DEVICE SIX_BIT_MAGNITUDE_ COMPARATORS (PAL18P8) 


" 
Oo 


PIN AS5=1 A&4&=2 A3=3 A2=4 AL=5~— AO 
BS = 7 B4=8 83=9 B2=11 B1 = 12 BO 
UPNE = 14 "THE UPPER THREE BITS NOT EQUAL" 

NE = 15; 


Nl 
— 
WN 


BEGIN 


UPNE = A5*/B5 + /A5*B5 
A4*/B4 + /A4G*BG 


A3*/B3 + /A3*B3; 


+ + 


NE = UPNE 
A2*/B2 + /A2*B2 
A1*/B1 + /A1*B1 


A0*/BO + /AO*BO ; 


+ + + 


END s 


TEST VECTORS 
IN AS AG A3 A2 Al AO B5 B4 B3 B2 B1 BO ; 
OUT UPNE NE ; — | 





BEGIN 
"AAAAAA 8B 
"5432 


B iy 
UPNE NE" 


—_ 
ui 

ow 
W o 
nm o 
= w 
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Figure 3-17. AmPAL18P8 PLPL Specification—6-Bit Comparator 
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DEVICE OCTAL_COMPARATOR (PAL22V10) 
PIN A7T= 1 A6=2 AS=3 ALES 


AZ=5 A2=6 AL=7 AO=8 
B77 =9: B6= 10 BS = 11 B4= 13. 
B3 = 14 B2= 15 B1= 16 BO = 17 
NE = 18; 
BEGIN | 
NE = A7*/B7 + /A7*B7 
+ A6*/B6 + /A6*B6 
+ AS5*/B5 +, /A5*B5 
+ AG*/B4 + /AG*B4 
+ A3*/B3 + /A3*B3 
+ A2*/B2 + /A2*B2 
+ A1*/B1 + /A1*B1 
+ AO*/BO + /AO*BO ; 
END. . | 
TEST_VECTORS ' 
IN A7 A6 AS A4 AZ A2 Al AO B7 B6 BS B4 B3 B2 BI BO; 
OUT NE; 
BEGIN | “ | 
"AAAAAAAA BBBBBBBB N" 
"76543210 76543210 Ef 


aud 


0000000 00000000 
1000000 00000000 
0100000 00000000 
000 00000000 
000 00000000 
100 00000000 
010 00000000 
001 00000000 
000 10000000 
000 01000000 
000 00100000 
000 00010000 
000 000 000 
000 000 10 
000 0000001 
00 000000 
00 000000 
11 11 11 
01 01 01 
10 101010 


fo] 
So 
— 
oOo 


C= -2> 009 COCO FO AFCO OOOO OO Oo 
-O-09TC9 TCC AGC CAG A GAO 
= 2 — 
—-~ Or aoao0onrcec9c”rooooooeo9°o0oo ©& 
om - OCC O COO CO AOA Oo = 
=O, 0009CAGCAGCG CA 0 
o-7-0 0 
-9O- 000 00-0 
o-- 0000 = 
-o-0 "00 

es 


END. 


Figure 3-18. AmPAL22V10 PLPL Specification—Octal Comparator 
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3.2.5 ADDRESS DECODING AND CHIP 
SELECT GENERATION SIMPLIFIED 
WITH COMBINATORIAL PAL DEVICES 


Combinatorial PAL devices are used extensively in digital com- 
puter systems for address decoding and chip-select generation 
functions. For these functions, a combinatorial PAL device with 
a large number of inputs/outputs and programmable polarity 
for its outputs is preferable. The AmPAL18P8, a second- 
generation combinatorial PAL device is ideal for these applica- 
tions. Compared to the standard 20-pin combinatorial PAL 
devices such as 16L8/16H8, it offers three significant advan- 
tages: two extra bidirectional I/Os, increased number of prod- 
uct terms for every output, and programmable polarity for each 
of its eight outputs. Its extra inputs allows it to decode a larger 
number of address bits in a single device. Its programmable 
polarity allows generation of both active-LOW and active-HIGH 
chip selects from the same device for different peripherals. 
This obviates the need for separate PAL devices with dedi- 
cated polarity (such as 16L8/16H8) and also results in faster 
speed. 


For chip-select functions, a system designer often has to 
generate stable latched chip selects, and chip selects for 
memories without OE pins; whereas address decoders, imple- 
mented with PAL devices, can also be used to implement cer- 
tain system-specific tricks such as boot-address generation, 
and switching between Real and Virtual modes of operation. 


Stable Latched Chip-Select Generation 


The address decoding function often requires latching the 
“decoded chip select (CS)” line. This is needed for most 
memory and peripheral devices. To generate this stable CS, 
designers often have to take into account possible hazard con- 
ditions. These hazard conditions can be handled easily by a 
PAL device such as the AmPAL18P8. 


Hazard Definitions and Brief Explanations 


Hazards are timing problems and unwanted switching tran- 
sients that arise due to gate and wiring delays. These un- 
wanted transients may occur at the outputs of combinatorial or 
asynchronous sequential networks because different paths of 
the network may have different propagation delays. 


A network is said to have a “STATIC 1 Hazard” if its output 
momentarily goes to 0 when it should remain at constant 1, due 
to some input change; and it is said to have a “STATIC 0 
Hazard” if its output momentarily goes to 1 when it should 
remain at constant 0. A network is said to have “DYNAMIC 
Hazards” when its output oscillates a few times (from 1 —> 0 
or 0 —> 1) before it returns to a stable state. In all of these 
cases, the steady-state output of the network is correct, but 
switching transients cause “glitches” to appear at the outputs. 
Figures 3-19.a through 3-19.c show various types of hazards. 





| 1 1 
| 


Figure 3-19.a STATIC 1 Hazard 


| 
AL. 


, 
0 0 


Figure 3-19.b STATIC 0 Hazard 


lie 


:) 


Figure 3-19.c DYNAMIC Hazards 
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Figure 3-20 shows the example of a network with a “STATIC 1 
Hazard.” Here, output Y is equal to X1 * X2 + /X2* Y. Thisisa 
sum-of-products equation. it can be implemented with either 


NAND gates (shown in Figure 3- nen or with simple AND-OR 
gates in a PAL device. 








Figure 3-20. NAND implementation of Y = X1 * X2 + /X2 * Y 





The logic in Figure 3-20 shows the sum-of-product form of 
design. Signal X2 can be an LE signal (usually ALE or AS in 
most microprocessors), Y is the feedback from the output for 
generating the stable CS signal. X1 can be an AND term of a 
number of address signals (e.g., X1 = A3 * A4 * AS). For 
simplicity sake, we would use X1 as a single signal. Figure 
3-21 shows the Karnaugh Map for this function. 





Xo transitions from 1 to 0 


static hazard 


Figure 3-21. Karnaugh Map 


As we can see in the Karnaugh Map, there is a possibility of 
a hazard when signal X2 transitions. 


Consider the case when initially X1 & Y = 1, and X2 is also 1. 
Now let's say X2 transitions to 0. The output Y should remain a 
constant 1; however, the output may momentarily go to 0 if the 
gates switch in the following sequence: gate 1 switches to 0, 
then Y goes to 0, then the inverter output goes to 1, gate 2 
switches to 0, and finally, Y goes to 1. Note that there is pos- 
sibility of this hazard only because of different gate delays. 


This kind of hazard results in momentary false outputs, and 
may cause serious problems if the output is used as an input 


for other asynchronous networks. For example, if the signal Y 
is used as the CS signal for some memory or peripheral 
device, it is likely to result in erroneous behavior of the system 
because of this momentary false output. These kinds of 
hazards cause the network to go into wrong stable states. 


Figure 3-22 shows the Karnaugh Map and its associated stable 
states. If the network is in stable state 4 (represented by X1 = 
1, X2 = 1, and Y = 1), and if the X2 input is changed to 0, the 
next stable state should be 5 and not 2. However, if Y momen- 
tarily goes to 0 and is fed back before /X2 goes to 1, the output 
of gate 2 will remain 1 and the output might be 0. 





Xo transitions from 1 to 0 


Figure 3-22. Stable States for the Function 
Y = X1* X2 + /X2* Y 


Avoiding Hazard Conditions 


These hazard conditions can be avoided easily with PAL 
devices. The hazard condition of Figure 3-22 can be eliminated 
by an extra AND gate as shown in Figure 3-23. This extra AND 
gate prevents the false output for Y. Providing this extra AND 
gate with a PAL device is very easy. It is simply an unused 
product term. 
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Y= x, X +/Xo¥ 


+X4Y 


2 


Extra gate used 
to avoid GLITCH 


Figure 3-23. Hazard Elimination with an Extra Gate 





Generating Chip Selects (CS) for Memories— 
With or Without Output Enable (OE) 


Most of the second-generation memories have both output 
enable (OE) and chip select (CS) pins. This separate and inde- 
pendent OE line eliminates the bus-contention problem com- 
pletely. The OE line is used by the microprocessor for getting 
data “on” or “off’ the system data bus, and the microproces- 
sor is always in control. Without this the system is always 
asynchronous with respect to the microprocessor/memory 
interface. 


However, some memories do not have a separate OE pin. 
Generatirig CS for these memories could cause serious bus- 
contention problems is such situations. Often this problem is 
solved by gating the CS with READ or WRITE signals as 
follows: 


CS= X*/R 
+ X * /W (X is combination of certain address lines) 
WE = /W 


This approach allows usually sufficient time for other buffers on 
the data bus to tristate. This works well for the read cycles in 
which the memory/peripheral is expected to be the only bus 
driver. However, for write cycles where usually the processor is 
the data bus driver, this doesn’t quite solve the problem 
completely. 


In the above equations, CS is generated either from the READ 
or WRITE line. There is still no way to ensure that CS is 
generated after the WE line to the peripheral/memory is as- 
serted LOW since CS is not controlled by WE at all. This prob- 
lem however can be solved by controlling the CS line from the 
WE signal, by gating the /W signal with the WE signal (for CS) 
as follows: 


CS= X*/R 


+ X* /W* /WE 


This ensures that the WE of peripheral/memory is LOW before 
the CS is asserted. This, however, solves part of the problem. 


On the other edge, WE should be disasserted only after CS is 
disasserted. This can be accomplished by controlling /WE from 
the /CS—by gating /CS along with the /WE line (as follows): 


WE = /W*/CS 


This ensures the assertion of /WE as long as CS is asserted 
and W is LOW. As soon as the /CS is disasserted, the /WE of 
the peripheral/memory will be disasserted. 


These signals /CS and /WE used for controlling each other are 
nothing but the feedback from the appropriate I/O pins. The 
AmPAL18P8 provides feedback from all of its I/O pins to imple- 
ment these functions. These feedbacks ensure logic safety, 
and provide smooth functioning of the design without using any 
additional components. 


The PAL devices can be used also for providing flexible 
address-decoding functions. 


Mapping Boot Address Difficulty 
Solved with a PAL Device 


Usually single-board systems use one or two ROMs for imple- 
menting booting software. For example, a single 1-Mbit ROM 
provides 64K words (64K x 16) of memory. 


In iAPX86 microprocessor-based systems, the bootstrap ad- 
dress is at the end of the address space. This can present 
problems in systems with only one or two ROMs. 
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In such cases, a slight trick in the address decoder can usually 
save one extra ROM chip to be placed at the boot location. 
During initialization. the boot-strap address can be decoded to 
a location in the ROM and the boot code is placed in that ROM 
in addition to usual software. After booting is complete, an 


external flip-flop (START) can be asserted to allow normal © 


addressing of the ROM address space (see Figure 3-24). 


CS2= A19*A18*A17*A16* /START Boot Address 
+ /A19*/A18*/A17*/A16* START after booting’ 
is complete 


One has to be careful and not execute the boot code again. An 
extra product term of the PAL device allows use of the same 
ROM for both functions. 


ROM2 


———____ 
| | ROM1 
+—___-__ 


Boot Address 
Decode 


FFFFF 


Figure 3-24. Boot Address Decoding Scheme 


Switching Between Real and Virtual 
Modes of Operation 


In the 80286 microprocessor, for maintaining upward-com- 
patibility with the 8086/8088 Microprocessor Family, two 
modes of operation are provided: Real and Virtual/Protected 
mode. 


The Real mode is compatible to iAPX 88/86 and has 1 Mbyte of 
physical address space. The 80286 is initialized in this Real 
mode with the bootstrap address of FFFFO (AO—A19) at the 
bottom of this address space. Switching to the Virtual/ 
Protected mode of operation allows for the AO—A23 address 
bits with 16 Mbytes of physical address space. In the Real 
mode, the system bootstrap ROMs must respond to the 
address available (with 1 Mbyte), ignoring the upper four 
A20~-A23 address lines. In Protected mode, these same ad- 
dress lines address only the top 1 Mbyte of the available 16 
Mbytes of address space. Thus, based on control signal 
PROT, the address decoder decides which address bits to use 


_ to generate CS for the same location in memory. The circuit 


should allow the capability of resetting to restart the chip from 
Real mode. The bootstrap-ROM CS can be generated as 
follows: 


CS = A19 *A18 *A17 *A16 * PROT 
+ /A23 YA22 */A21 */A20 *A19 *A18 *A17 *A16 *PROT * 


PROT = /MODE + RESET * PROT 


Note that MODE indicates Real mode, and /MODE indicates 
Virtual mode. 


During START, the signal PROT initializes as LOW, which al- 
lows Real-mode address decoding. When switching to Virtual 
mode, the processor explicitly changes the state of a register 


mode to LOW. 


MODE =H =Real mode | 
MODE =L = Virtual/Protected mode ~ 


This allows the PAL-based internal latch to store the state of 
the Virtual mode in output PROT whose feedback is used to 
address the Virtual mode address space (Note that this flexibil- 
ity is again provided by a simple product term of the PAL 
device). 


A similar approach can be used even for the iAPX 386. The 
switching between Real and Virtual/Protected mode is identical 
except that in Virtual mode, the addressing needs to be based 
on extra bits A20—-A32, whereas in iAPX 286, only A20-—A23 
need to be implemented. 
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3.3 SEQUENTIAL LOGIC 


3.3.1 COUNTERS 
Nine-Bit Up-Down Counter 


An up-down counter is also known as a bidirectional counter, 
and is capable of counting in either direction through a certain 
sequence. For example, a 4-bit up-down binary counter can 
count up through its sequence (0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15) and then can be reversed to count down (15, 
14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0). 


In general, most up-down counters can be reversed at any 
point in their counting sequence. For example, the 4-bit binary 
up-down counter can be made to go through the following 
sequence: 


0,1, 2,3, 4,5, 6, 7,8 7,6, 5,4, 3 4, 5, 6, 7, 8, 9, ete. 
UP DOWN UP 
Design Requirements 
Figure 3-25 shows the block diagram of a 9-bit up-down 
counter. In addition to the nine registered outputs for the 
counter, there are five other inputs: one clock pin, one 


UP/DOWN contro], one CLEAR, one Output Enable and one 
HOLD. input. 


The counter counts up, when a HIGH is asserted on the 
UP/DOWN conirol signal and clock pulses are applied. It 
counts down when a LOW is asserted on the UP/DOWN con- 
trol signal and the clock pulses are applied. HOLD, when as- 
serted, holds the state of the last count. CLEAR resets the 
entire counter to 0. Output Enable enables the value of counter 
on the output pins. 


Design Approach 


For the ease of implementation, the counter is partitioned into 
two separate counters: one 4-bit and the other 5-bit. The 5-bit 
counter is enabled every time the counter reaches the value 15 
(when the counter is counting up) and value 0 (when counting 
down). 


To minimize product-term requirements, an external pin is 
used to generate a “ONE” signal based on the least significant 
4 bits of the counter value ( Q[3] * Q[2] * Q[1] * Q[O)). 


Table 3-8 shows the function table for the 9-bit up-down 
counter. Figure 3-26 shows the PLPL specification and Figure 
3-27 shows the fuse map of a 9-bit up-down counter imple- 
mented with single AMPAL22V10 device. 


As shown in the fuse map, a total of 106 product terms are 
required to implemente this function. The most significant bit of 
the counter (Q8) requires 16 product terms. 


TABLE 3-8. FUNCTION TABLE FOR THE 9-BIT UP-DOWN COUNTER 


COUNT DOWN 
0 0 0 





OUTPUTS TRISTATED 
CLEAR 

HOLD 

COUNT UP 


COUNT DOWN 


08749A-29B 
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PIN 


DEFINE 


CLOCK = 
HOLD = 5 


1 UP = 2 
ONE = 14 





‘DEVICE NINE _BIT_UP_DOWN COUNTER (PAL22V10) 
CLEAR=3 EN = 4 


Q(8:0] = 19,18,17, 16,15, 20,21,22,23 ; 
/Qt3] * /Q(2] * /Q[1] * /Q[03 ; 


ZERO 
DOWN = 


{UP ; 


“ NOTE: DUE TO PRODUCT TERM LIMITATIONS, MUST GENERATE 
SIGNAL ON A PIN YO FIT THE DESIGN IN THE PAL. 'ZERC' 
BE DETECTED WITH INTERNAL PRODUCT TERMS. " 


BEGIN 


IF ¢ EN 


TF ¢ HOL 
1F ¢ UP 


) THEN ENABLE (Q[8:0]) ; 
ONE = Q(3] * Q(2] * QLi] * Q[0] ; 

IF € CLEAR } THEN ARESET(Q(8:01) ; 

D ) THEN Qf(8:0} := Q[8:0) ; 


) THEN BEGIN 
CASE (@{3:01) 
BEGIN #80000) 
#80001} 
#80010) 
#80011) 
#80100} 
#80101) 
#89110) 
#80111) 
#81000) 
#81001) 
#81010) 
#81011) 
#81100) 
#811015 
#81110) 
#81111) 

END : 

IF ¢ ONE ) THEN 

CASE (9[8:4]) 


BEGIN #800000) Q[8:4] : 
#800001) Q[8:4) : 
#800010) Q{8:4] : 
#800011) Q(8:4] : 
#800100) Q[8:4] : 
#800101) @{8:4] : 


Q(3:0] 
Q[3:0) 
Q(3:0] 
Q [3:6] 
Q[3:0] 
&(3:9] 
Q[3:9) 
03:03 
Qf3:0) 
Q(3:9] 
Q[3:6] 
Q(3:6) 
Q(3:0] 
Q(3:0) 
Q(3:5) 
Q(3:01 


BEGIN 


r= #80601 ; 
:= #80010 ; 
= #BO017 ; 
r= #80108 ; 
:= #80701 ; 
s= #80110 ; 
:= #B0111 ; 
2= #81000 ; 
:= #B1001 ; | 
:= #81010 ; 
z= #B1011 ; 
:= #81100 ; 
23 #B1101 ; 
r= #BI110 ; 
s= #81111 ; 
z= #B0000 > 


u 


#800001 : 
#800010 ; 
#800011 ; 
#B00100 ; 
#800101 ; 
#800110 ; 


il 


4 


TONE! 
CAN 


#800110) Q[8:4] 


#800111) 
#801000) 
#801001) 
#801010) 
#801011) 
#801100) 
#801101) 
#801110) 
#801111) 
#810000) 
#810001) 
#810010) 
#810011) 
#810100) 
#B 10101) 
#810110) 
#810111) 
#811000) 
#811001) 
#811010) 
#811011) 
#811100) 
#811101) 
#811110) 
#511111) 

END ; 

END ; 

ELSE Q[8:4] := Q 

END ; 
IF ¢€ DOWN )} THEN BEGIN 
CASE (Q[3:0)) 


Q[8: 
Qs: 
Qs: 
Qs: 
Qs: 
Q(8: 
Q(8: 
ais: 
Q[8: 
Q[s: 
Qs: 
Qe: 
Q(8: 
arg: 
Q(8: 
Of8: 
Qi8: 
Q[8: 
Q[8: 
aa 
Qs: 
Qf8: 
Qf8: 
Qs: 
Qs: 


[8:4] ; 


BEGIN 


4] 
4] 
4] 
4] 
4} 
4} 
4] 
4) 
4} 
4] 
4} 
4] 
4} 
4] 
4} 
4} 
4] 
4} 
4} 


£4} 


4} 
4} 


3 
2 


4] 
4] 


i 


Figure 3-26. PLPL Specification for a 9-Bit Up-Down Counter (1 of 2) 


= #800111 ; 
:= #801000 
:= #801001 
:= #801010 ; 
:= #801011 ; 
:= #801100 ; 
:= #801101 ; 
:= #801110 ; 
:= #801111 ; 
:= #810000 ; 
:= #B10001 ; 
:= #810010 ; 
:= #810011 ;: 
:= #810700 ; 
:= #B10101 ; 
:= #810110 ; 
:= #810111 ; 
:= #B11000 ; 
:= #811001 ; 
:= #B11010 ;: 
:= #B1T1011 ; 
:= #811100 ; 
:= #811101 ; 
:= #B11110 ; 
= #B11111 ; 
:= #800000 ; 


=e 


=e 


#80000) [3:0] : 
#80001) Q[3:9] : 
#80010) [3:0] : 
#80011) Q[3:0] : 
#80100) Q{3:0] : 
#80101) Q[3:03 : 


#81111 ; 
#80000 ; 
#80001 ; 
#80010 ; 
#80011 ; 
#80100 ; 


f 


e 


‘ 


s 


£ 


’ 








cf-€ 


#30110) Q[3:0] := #80101 ; #811101) Q(8:4] := #811100 ; 
#80111) Q(3:0] := #80110 ; #811110) Q(8:4) := #811101 ; 
#81000) Q(3:0] := #80111 ; #811111) Q(8:4] := 4811110 ; 
#81001) Q(3:0] := #81000 ; END ; 
#81010) Q(3:0] := #81001 ; END ; 
#81011) Q(3:0] := #81010 ; ELSE Q(8:4] := Q(8:4] ; 
#81100) 9(3:0] := #81011 ; END ; 
_ #81101) Q(3:0] == #81100 ; END. 
#81110) Q(3:0) := #81101 ; TEST_VECTORS 
#81111) Q(3:0] == #81110 ; IN CLOCK UP CLEAR EN HOLD ; 
END ; . OUT ONE Q[8:0) ; 

IF ( ZERO ) THEN BEGIN BEGIN 

CASE (Q[8:4)) BEGIN #800000) Q£8:4) := #811111 ; "wUC E€EHO 2028000202020 Q"” 
#800001) Q[8:4] := #800000 ; "PLE NON 8765432108 
#800010) Q(8:4] := #800001 ; "0 OE LE " 
#800011) Q{8:4] := #800010 ; "COA D " 
#800100) Q[8:4] := #800011 ; "™ oR " 
#800101) Q(8:4] := #800100 ; PXx xX xXX LLELLEAHLeLL; 
#800110) Q(8:4] := #800101 ; c10 1410kb kLeELL HL L L H ;"COUNT UP" 
#800111) Q(8:4] := #800110 ; c10 10427 LkLetUuL eUL; . 
#801000) Q[8:4] := #800111 ; c10 1048 L tLbLeHLL UH UH; 
#801001) Q(8:4] := #801000 ; PXxXx xX XL LULL LL LE L # HA 3"PRELOAD REGS" 
#801010) Q(8:4] := #801001 ; c10 108 LetELL EL ELH EL EL "COUNT UP" 
#801011) Q(8:4] := #801010 ; c10 410t bLLLtELELLAL SH; 
#801100) Q(8:4) := #801011 ; c10 100 L-LeLLeL AWA; 
#801101) Q18:4) := #801100 ; ci0 10t tbLLLLL HHH; . 
#801110) Q(8:4) := #801101 ; cxo 414t Let bL LH HH ;"HOLD " 
#801111) Q(8:4] := #801110 ; coo 10t kLetELELL L H HA EL ¢"COUNT DOWN " 
#810000) Q(8:4] := #801111 ; coo 10Lb tLELLELLAL Ag 
#810001) Q(8:4] := #810000 ; coo 10t ELLELLLALL; 
#810010) Q([8:4] := #810001 ; coo 10btb bLLRLLLELLL HH; 
#810011) Q(8:4] := #810010 ; coo 10t eLLRLELLLHL; 
#810100) Q(8:4] := #810011 ; coo 10tb ELELLLELULLEL HH; 
#810101) Q(8:4] := #810100 ; coo 10Lb LLLLELLELELLL; 
#810110) Q(8:4] := #810101 ; co0)061 0H HHH HH AH H HH ;"COUNT DN/WRAP AROUND" 
#810111) Q(8:4] := #810110 ; CXX Ox%X X 22 2 2 2 2 Z Z 2 ;"DISABLE OUTPUTS" 
#811000) Q[8:4] := #810111 ; cx? 170Lb LRLLLL EL L L MCLEAR " 
#811001) [8:4] := #811000 ; PXX xX X H HH H H HH H HH :"PRELOAD REGS" 
#811010) Q[8:4) := #811001 ; c10 108 -LELEL EL L L L L ;"COUNT UP/WRAP AROUND" 
#811011) Q{8:4] := #811010 ; c10 10L8b bLLELLELLLL HH; 
#811100) Q(8:4] := #811011 ; c10 10Lb LLLERLELiLHL; 


END. 


Figure 3-26. PLPL Specification—9-Bit Up-Down Counter (2 of 2) 
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Figure 3-27. Fuse Map of a 9-Bit Up-Down Counter 
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Modulo-360 Counter 


A typical n-bit binary counter has a maximum modulus equal to 
2", where n is the number of stages. However, it can be 
modified to have a lesser modulus, without changing the num- 
ber of stages. This may be necessary for applications where a 
non-power-of-two modulus is required. 


Often it is necessary to introduce signal delays into logic 
design to meet tight timing requirements such as to allow for 
bus skew, access time or different propagation delays through 
devices along two different signal paths. A typical example of 
this is the introduction of wait states to allow for access times of 
different memory elements. Counters or delay lines are com- 
monly used to introduce the delay. Counters have the advan- 
tage of programmability to generate the required delay and are 
possibly easier to synchronize with the master device. A 
modulo counter, implemented with a PAL device can be used 
for these kind of applications. 


Design Requirements 


For example, if a counter with modulus of 17 is required, five 
flip-flops will be required because a fourstage counter has 
maximum modulus of 16. Similarly, to implement modulo-360 
counter, nine flip-flops will be required. 


However, to achieve a lesser modulus in an n-stage counter, 
some of the “natural” states have to be skipped. For example, 
a five-stage counter has a natural counting sequence from 0 to 
31. If the counter is to be redefined as modulus 17 counter, 


then the states 18 to 31 have to be skipped. That means the 
counter circuitry has to be modified. Whenever the counter 
reaches state 17 it must be reset to state O, rather than count- 
ing up to state 18. 


Design Approach 


Design approach for modulo-counters of any desired length is 
quite similar to that of typical binary or BCD counters. In a 
simple case, Boolean equations can be derived from the func- 
tion table covering all possible states of the counter. However, 
the size of the function table increases with the number of 
states. For large counters, generating Boolean equations can 
become tedious and time consuming. 


Another approach for implementing the modulo-counter is to 
partition the design into smaller state machines. We know that 
a modulo-360 counter requires nine flip-flops. However, in- 
stead of implementing this as a straight 9-bit counter from the 
function table we can implement this as two counters: one 4-bit 
counter (counting from 0 to 14) and another 5-bit counter 
(counting from 0 to 23). Together the two counters count up to 
360. The signal M OUT is asserted when the counter counts up 
to 360. 


Figure 3-28 shows the block diagram of a 9-bit loadable, 
modulo-360 counter. It needs nine inputs, nine outputs, one 
clock pin, one LOAD pin, one RESET, and one MOUT (module 
output) pin. Figure 3-29 shows the PLPL specification of this 
modulo-360 counter. Figure 3-30 shows the implementation of 
this function in a single AmPAL22V 10 device. 
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Figure 3-28. Block Diagram 
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DEVICE MODULO _360 COUNTER (PAL22V10) . #B00110) BEGIN 
Q15(3:0] := 015[3:0]; 


PIN CLK = 1 RST =2 Q24(4:0] := #800111; 
4OAD = 3 END; 
A(8:0]) = 4:11,13 #800111) BEGIN 
Q24[4:0] = 18:14 Q15(3:0] := Q15[3:0]; 
Q15(3:0] = 22:19 Q24[4:0] := #801000; 
M OUT = 23; "ASSERTED WHEN COUNT BECOMES 360" END; 
BEGIN #801000) BEGIN 
IF (RST) THEN ARESET(); Q15(3:0) := Q15[3:0]; 
IF (LOAD) THEN BEGIN Q24[4:0]) := #801001; 
Q24[4:0] := A([8:4]; END; 
Q15(3:0] := A(3:0); #801001) BEGIN 
END; Q15(3:0] := Q15[3:0]; 
ELSE BEGIN Q24(4:0] := #801010; 
IF (Q24 4] */Q24 [3] *024 [2] *024 [1] *024 [0]* END; 
Q15 (3) *Q15 [2] *Q15 [1] */Q15(0}] ) THEN M_OUT = 1; #801010) BEGIN 
CASE (Q24[4:0]) BEGIN " MODULO 24 " Q15[(3:0)] := Q15[3:0]; 
#800000) BEGIN Q24[4:0] := #801011; 
Q15[3:0] := Q15[3:0]; END; 
Q24(4:0] := #800001; #801011) BEGIN 
END; Q15(3:0] := Q15[3:0]; 
#800001) BEGIN Q24[4:0]) := #801100; 
Q15[3:0)] := Q15[3:0]; END; 
Q24[4:0] := #800010; #801100) BEGIN 
END; Q15[3:0] := Q15[3:0); 
#800010) BEGIN Q24[4:0] := #801101; 
Q15[3:0} := Q15[3:0)]; END; 
Q24(4:0] := #800011; #801101) BEGIN 
END; Q15[3:0] := Q15[3:0]; 
#800011) BEGIN Q24[4:0] := #801110; 
Q15[(3:0) := 915[3:0]; END; 
Q24[4:0] := #800100; #801110) BEGIN 
END; Q15(3:0} := Q15[3:0]; 
#800100) BEGIN Q24[4:0] := #801111; 
Q15[3:0] := Q15[3:0); END; 
Q24[4:0] := #800101; #801111) BEGIN 
END; Q15[3:0] := Q15(3:0]; 
#800101) BEGIN Q24[4:0] := #810000; 
Q15(3:0] := Q15[3:0]; END; 
Q24[(4:0] := #800110; 
END; 


Figure 3-29. PLPL Specification for a Modulo 360 Counter (1 of 2) 
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#810000) BEGIN 


Q15(3:0) := Q15[3:0); 
Q24[4:0] := #810001; 


END; 
#810001) BEGIN 


Q15(3:0] := Q15[3:0]; 
Q24[4:0] := #810010; 


END; 
#810010) BEGIN 


Q15(3:0] := Q15[3:0]; 
Q24[4:0] := #810011; 


END; 
#810011) BEGIN 


Q15[3:0] := Q15[3:0]; 
Q24[4:0] := #810100; 


END; 
#810100) BEGIN 


Q15[3:0] := Q15[3:0]; 
Q24 [4:0] := #810101; 


END; 
#810101) BEGIN 


Q15(3:0] := Q15[5:0]; 
Q24[4:0] := #810110; 


END: | 
#810110) BEGIN 


Q15(3:0] := Q15[3:0];. 
924[4:0] := #810111; | 


END; 
#810111) BEGIN 
024 [4:0] 


= #800000; 


CASE (Q15[3:0]) 


#80000) 
#80001) 
#80010) 
#80011) 
#80100) 
#80101) 
#80110) 
#80111) 
#81000) 
#B1001) 
#81010) 


BEGIN © 


Q15(3:0] : 


Q15 [3:0] 


Q15[3:0) : 


Q15 [3:0] 


Q15[3:0] : 


a15 [3:0] 
Q15 [3:0] 
Q15 (3:0) 


Q15[3:0] : 
Q15[3:0] : 
Q15[3:0] : 


#80001; 
#80010; 
#80011; 
#80100; 
#80101; 
#80110; 
#80111; 
#81000; 
#81001; 
#81010; 
#81011; 


END; 
END; 
END; 
END; 

END. 

TEST VECTORS 

IN CLK RST LOAD A[8:0]; 

OUT Q24[4:0] Q15[3:0) 
BEGIN 

"CLK RST LOAD A[8:0] 

xX 1 xX XXXXXXXXX 
c 90 1 101011100 
Cc = 6«~O 0 XXXXXXXXX 
c 60 0 XXXXXXXXX 
c 6 60 0 XXXXXKXXXX 
c (60 1 0111111410 
c 60 0 XXXXXXXXX 
c 0 0 XXXXXXXXX 
c 60 0 XXXXXXXXX 
c 60 0 XXXXXXX XX 
c 60 0 XXXXXXXXX 
Cc 60 0 XXXXXXX XX 
c 60 0 XXXXXXXXX 
c 0 0 XXXXXXXK XX 
c 6 60 0 XXXXXXXXX 
c 0 0 XXXXXXXXX 
Cc «690 0 XXXXXXXXX 
END. 


M OUT; 


#81011) Q15[3:0] := 
#81100) Q15[3:0] := 
#81101) Q15(3:0] := 
#81110) Q1513:0] := 
024 [4:0] Q15[3 
ik AOL 
HLHLH HHL 
HLHHL HHL 
HLHHH HHL 
LLLEL WHE 
LHHHH HHH 
HLiLL HHH 
HLLLH HHH 
HLLHL HHH 
HLLHH HHH 
HLHLL HHH 
HLHLH HHH 
HLHHL HHH 
HLHHH HHH 
Bib ASE 
i Oe On ae ae Sa 
Oy ae ee ee Se 


Figure 3-29. PLPL Specification for a Modulo 360 Counter (2 of 2) 


#81100; 
#81101; 
#81110; 
#80000; 
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Figure 3-30. Fuse Map of a Modulo-360 Counter 
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Nine-Bit Johnson Counter 


The Johnson counter is also known as a “circular-shift counter” 
and produces a special counting sequence. The sequence for 
a five-stage Johnson counter is shown in Table 3-9. Note that, 
the five-stage sequence has a table of 10 valid states and 22 


invalid states (Table 3-9). In general an n-stage (bit) Johnson. 


counter will produce a modulus of 2n. Figure 3-31 shows the 
state diagram of a five-stage counter. 


As seen from the sequence table of the five-stage counter, the 
counter first fills up with 1’s from left to right and then it fills up 
with 0’s again. Note from the counting sequence that unlike a 
normal. binary counter, Johnson counter is a unit distance 
counter. Like a Gray code counter, its output changes only one 
bit at a time. One major advantage of Johnson counter’s count- 
ing sequence is that it can be readily decoded with two input 
AND gates, and hence, is suitable for high-speed applications 
where output can be decoded safely. 


TABLE 3-9. FIVE-STAGE JOHNSON COUNTER SEQUENCE 


0 
1 
1 
1 
1 
1 
0 
0 
0 
0 





VALID STATES 


SO 


Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1. 
c 
1 
1 
1 
1 
1 
1 


Ute wea ewes ees. 
ee re ee oer Ss eo a 
SOO See Oe ee aS aS 
—~—-=-3--32ODODDTDODOOH]=]= ++ +0000 [OD 





INVALID STATES 
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Figure 3-31. 5-Stage Johnson Counter State Diagram 
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Design Considerations 


The implementation of a Johnson counter is relatively straight 
forward and is the same regardless of the number of stages. 
Implementing this with D-type flip-flops, the Q output of each 
flip-flop is connected to the D input of the following stage. The 
single exception is that the Q output of the last stage is comple- 
mented and connected to the D input of the first stage. 


One disadvantage of this counter is the number of invalid 


states. For an n-stage counter, the number of invalid states is — 


equal to 2"-2n. For example, a three-stage Johnson counter 
has two invalid states, a fourstage counter has eight invalid 
states, and a five-stage counter has 22 invalid states. The 
number of invalid states increases almost exponentially with 
the length of the counter (for example, a nine-stage counter 
has 494 invalid states). The bigger the counter becomes, the 
more are the chances of its entering an illegal state. Once the 
counter enters an invalid state, it may be difficult to recover. 


Care should be taken when designing Johnson counter to 
prevent it from entering invalid states. Often even self- 
correcting logic should be incorporated to allow the counter to 
get out of illegal states. 


Design Requirement 


Figure 3-32 shows the block diagram of a 9-bit Johnson 
counter. The counting sequence shown in Table 3-9 for 5-bit 
counter can easily be expanded to 9-bits. This counter (with 
load capability) requires nine input pins, nine output pins, a 
LOAD pin, one RESET, and invalid status pin and one clock 
pin. During power-on, the counter resets to zero state. 


| Figure 3-33 shows the PLPL specification for this counter. Fig- 


ure 3-34 shows the fuse map for this counter implemented with 
a single AmMPAL22V10 instead of four SSI/MSI devices. Addi- 
tionally, an error flag for invalid states is incorporated in the 
design to indicate error condition. 





Figure 3-32. Block Diagram of a 9-Bit Johnson Counter 
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DEVICE NINE_BIT_JOHNSON COUNTER (AmPAL22V10) 


#8110000000) VF = 1; 
#8111000000) VF = 1; 
PIN CLK = 1 48111100000) VF = 1; 
RST = 2 #8111110000) VF = 1; 
A[8:0] = 3:11 #8111111000) VF = 1; 
Q{8:0] = 14:21,23 #B111111100) VF = 1; 
VF = 22 "VALID STATE FLAG" #B111111110) VF = 1; 
LOAD = 13; 48111111111) VE = 1; 
#8011111111) VF = 1; 
BEGIN #8001111111) VE = 1; 
IF (RST) THEN ARESET(Q(8:0]) ; #8000111111) VF = 1; 
IF (LOAD) THEN Q[8:0] := A[8:0] ; #B8000011111) VF = 1; 
ELSE BEGIN #8000001111) VF = 1 ; 
CASE (Q{(8:0]) #8000000111) VF = 1; 
BEGIN #8000000011) VF = 1; 
#8000000000) Q@[8:0] := #8100000000 ; #8000000001) VF = 1; 
#8100000000) Q[8:0] := #8110000000 ; END; 
#8110000000) Q[8:0)] := #8111000000 ; END. 
#8111000000) Q[8:0] := #8111100000 ; 
#8111100000) Q[8:0] := #8111110006 ; TEST VECTORS 
#8111110000) Q(8:0] := 48111111600 ; IN CLK RST LOAD A[8:0); 
#8111111000) Q(8:0] := 48111111100 ; OUT Q(8:0) VF; 
#8111111100) Q(8:0) := 48111111110 ; BEGIN 
48111111110) Q(8:0] := 48111111111 ; HL " 
#8111111111) Q(8:0] := #8011111111 ; "CRO " 
#8011111111) Q(8:0) := 48001111111 ; "LSA AAAAAAAAA QQQQQ Q vu 
#8001111111) Q(8:0) := #8000111111 ; "TD 876543210 87654321 FM 
#8000111111) Q(8:0) := #8000011111 ; 
#8000011111) Q[8:0] := #B8000001111 ; KX XXXXXXXXX LELELCELELL H; "RESET" 
#8000001111) Q[8:0] := #8000000111 ; cO1 1411117111111 HHHHHHHHH  H; "LOAD" 
#8000000111) Q[8:0) := #8000000011 ; cOO XXXXXXXXX CHHHHHHHH  H; “COUNT! 
#8000000011) Q{8:0} := #8000000001 ; cOO XXXXXXXXX LLHHHHHHH H; 
#8000000001) Q[8:0] := #8000000000 ; COO XXXXXXXXX LLLHHHHHH H; “COUNT 
END; co01101010101 HLHLHLHLH L; "LD INVALID ST" 
END; coo xxxXxxxxXxXXX LELELLELLECLL KH; "INVALID ST" 
CASE (Q[8:0]) COO XXXXXXXXX HLLLLLELLEL 4H; " RECOVERY" 
BEGIN co1141111%11110 HHHHHHHHL H; "LOAD" 
#8000000000) VF = 1; coo XxxXxXXXXXXX HHHHHHHH H H; "COUNT" 
#B8100000000) VF = 1 ; cog xxXxXxXXxXXXKXX LHHHHHHHEHH H; 
CO1 OONOCOCOOOT LLLLELLELA 4; 
coo XxXxXXXXXXXX LLELELLEL H; 
END 


Figure 3-33. PLPL Specification for 9-Bit Johnson Counter 
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Figure 3-34. Fuse Map for a 9-Bit Johnson Counter 
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Gray Code Counter and Gray-to-Binary 
Code Conversion 


Gray code is an important unweighted code which exhibits only 
a single bit change from one code number to the next. This 
feature is especially important in high-speed data communica- 
tion applications, where data is transmitted from one part of a 
system to another and where the error susceptibility increases 
with the number of bit changes between adjacent numbers in a 
sequence. It is also commonly used in applications such as 
real-time process control and shaft encoders where each seg- 
ment is assigned a separate bit. 


Table 3-10 shows a listing of five-bit Gray code for decimal 
numbers 0 through 31. Note that there is only single bit change 
between any two Gray code numbers. The corresponding bi- 
nary numbers are shown for reference. For instance, going 
from decimal value 11 (Binary 01011) to 12 (Binary 01100), the 
Gray code changes from 01110 to 01010. Only the third bit 
changes; the others remain the same. 


The Gray code can be extended to any number of bits. Conver- 
sion from Gray to binary (or visa versa) is relatively simple. 
Conversion from Gray-to-Binary Code 

To convert from Gray code to binary, the following rules apply: 


@ The most significant bit (the left-most) in the binary code is 
the same as the corresponding bit in the Gray code. 


@ Going from left to right, add the next Gray code bit to the 
previous binary bit to generate the next binary bit. Disregard 
the carries (Figure 3-35). 

This can be conveniently implemented with exclusive-OR 


gates. Figure 3-36 shows the logic diagram for converting 5-bit 
Gray code to binary code. 


GRAY CODE 1 1 


BINARY GATE 


Figure 3-35. Gray Code to Binary Code Conversion 


TABLE 3-10. 5-BIT GRAY CODE 
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Figure 3-36. Logic Diagram for Gray Code-to-Binary Conversion 


Design Requirements and Approach Figure 3-37 shows the PLPL specification of 5-bit Gray code 

counter and 5-bit Gray-to-binary converter. Figure 3-38 shows 
Implementation of a 5-bit Gray code counter requires at least the corresponding fuse map of this function implemented in a 
five flip- flops and some extra logic. Implementation of 5-bit | single AmPAL22V10 device. As shown in the fuse map the 
Gray-to-binary code conversion can be accomplished with least significant bit requires 16 product terms for Gray-to- 
XOR gates or in a PAL device that has enough product terms. binary conversion. 
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DEVICE FIVE_BIT_GRAY_CODE COUNTER (PAL22V10) " GRAY CODE TO BINARY CODE CONVERSION " 





PIN BI4] = Q{4] ; 

CLK = 1 B(3] = Q(3] XOR Q[4] ; 

RST = 2 B(2] = Q[2] XOR Q(3] XOR Q[4] ; 

Q(4:0) = 18:14 B(1] = Q(1] XOR Q([2) XOR Q{3] XOR Q(4] ; 

B[4:0] = 23:19; BLO] = Q(0) XOR Q[1] XOR Q[2] XOR Q[3] XOR Q[4] ; 

BEGIN END. 

IF (RST) THEN ARESET(Q(4:0]) ; TEST_VECTORS 

CASE (Q[4:0]) IN CLK RST; 

BEGIN 10 Q(4:01; 
#800000) Q[4:0] := #800001 ; : OUT B[4:0]; 
#800001) Q[4:0] := #800011 ; BEGIN 
#B00011) Q[4:0] := #800010 ; "MCR Q00QQ BBBBB" 
#800010) Q(4:0) := #800110 ; ""§ 43210 43210" 
#800110) Q[4:0] := #800111 ; "K T " 
#800111) Q[4:0] := #800101 ; Cot. Lebet bt LLLLL; 
#800101) Q[4:0] := #800100 ; cO LLLLH LLLLH; 
#800100) Q[4:0] := #801100 ; CO LLLHH LLLHL; 
#B01100) Q[4:0] := #801101 ; cO LLLULHL LLLAUH; 
#801101) Q(4:0} := #801111 ; cO LLHHL LLHLL; 
#801111) Q[4:0] := #801110 ; CO LLHHH LLHLH; 
#801110) Q(4:0] := #801010 ; CO LLHLH LLHHL; 
#801010) Q[4:0] := #801011 ; CO LLHLL LLHHH; 
#801011) Q[4:0} := #801001 ; CO LHHLL LHLLL; 
#801001) Q[4:0] := #801000 ; PQ LHLLL L HHHH; 
#801000) Q[4:0] := #811000 ; CO HHLLL HLLLL; 
#811000) Q[4:0] := #811001 ; CO HHLLH HLLLH; 
#811001) Q(4:0] := #811011 ; PO HLLLL HHHHH; 
#811011) Q[4:0] := #811010 ; CO LLELLLL is Hae ee 
#811010) Q(4:0}] := #811110 ; cO LLLLH LLLLH; 


#811110) Q(4:0] := #811111 ; END. 
#811111) Q[4:0] := #811101 ; 

#811101) Q(4:0] := #B11100 
#811100) Q[4:0] := #810100 
#810100) [4:0] := #810101 
#810101) Q([4:0] := #810111 
#810111) Q[4:0] := #810110 
#810110) Q[4:0] := #810010 
#810010) Q[4:0] := #810011 
#B10017) Q[4:0] := #810001 
#810001) Q[4:0] := #810000 
#810000) Q(4:0] := #800000 


=s =s ss se mer =s 8. =. me 


=e 


END; 


Figure 3-37. PLPL Specification for a 5-Bit Gray Code Counter and 5-Bit Gray-to-Binary Converter 
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Figure 3-38. Fuse Map for a Gray Code Counter 
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3.3.2 SHIFTERS 


Eight-Bit Arithmetic/Logic Shifter 


Most commonly used logical operators are: AND, OR, XOR 
and COMPLEMENT. An AND operator is used for masking or 
clearing chosen bits of certain operands. An OR operator can 
be used for “setting” some required bits to value 1. An XOR 
operator can be used for generating check-sums or comparing 
two operands. A COMPLEMENT operator can be used for 
inverting logic levels. 


All these four operators, together with “shift” operation can be 

,used for functions such as: serial-to-parallel conversion, 
scaling, normalization, or for matching bit patterns. Shift oper- 
ator can also be used for doing multiplication or division. There 
are four major shift operators: Logical SHIFT, Arithmetic 
SHIFT, ROTATE, and ROTATE with CARRY. 


Logical-SHIFT operation shifts the data either right or left. Typi- 
cally it fills the shifted bit with zero, and ‘oads the CARRY bit 
from the bit shifted out. In Logical-SHIFT operation, the sign-bit 
is uSually not preserved. 


Arithmetic SHIFT is very similar to the Logical SHIFT except 
that the sign is preserved. For example, for shifting right, the 
sign-bit is copied into the next position. Often this is referred to 
as sign extension and can be used to either normalize a num- 
ber or scale a two’s-complement number. For shifting left, the 
sign-bit is left unchanged. 


Simple ROTATE just rotates the data. The MSB and the LSB 
are linked together. In ROTATE with CARRY, the CARRY bit 
also acts as part of the shift register. Figure 3-39.a shows the 
diagramatic representation of Arithmetic and logic shifter. 








al t 
CARRY SIGN 


BIT BIT 


LOGICAL SHIFT 
LEFT 


LOGICAL SHIFT 
RIGHT 


ARITHMETIC 
SHIFT LEFT 


ARITHMETIC 
SHIFT RIGHT 


Figure 3-39.a Arithmetic and Logic Shifter 
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Design Requirements and Approach 


An 8-bit combined arithmetic/logic registered shifter shifts data 
left or right both logically or arithmetically, maintaining the sign- 
bit appropriately. 


Such a shifter requires eight data inputs, eight data outputs, a 
clock pin, a LOAD pin, an Output-Enable pin, a CARRY (CRY) 
output pin, and two control pins: one control pin to signify Arith- 





(left or right). For ROTATE with CARRY function, it uses the 
CARRY pin. Figure 3-39.b shows the block diagram of an 8-bit 
registered arithmetic/logical shifter while Table 3-11 shows the 
function table. 


This function can be easily implemented in a single Am- 
PAL22V10 device. The AmPAL22V10 can provide up to 22 
inputs and 10 outputs, enough for 9 registered outputs and for 
all other inputs. 


metic or Logical SHIFT, and one control pin to specify direction 





D7 D6 D5 D4 D3 D2 D1 DO 


CLK N 
LOAD : 
euiet aj AmPAL 22V10 — CRY 
SEL 
Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO 08479A-32 


Figure 3-39.b Block Diagram of 8-Bit Registers—Arithmetic Logic Shifter 


TABLE 3-11. FUNCTION TABLE FOR 8-BIT ARITHMETIC LOGIC SHIFTER 


se. |_swirt_|to[o7_bé6 ps p4_p3_p2_p1_po| crv [a7 | a6 | as | as | as | a2 | at | a0 | 
x 
X__| 1 [D7 Dé D5 D4 D3 D2 D1 DO| x _| 07 | Dé | 05 | Da | bs | 02 | DF | DO 


Ee! 
LO: 
ed 
ze 





five logical product terms: one for LOAD, one for arithmetic 
shift right; one for arithmetic shift left, one for logical shift right, 
and one for logical shift left. 


Figure 3-40 shows the PLPL specification for this function. 
Figure 3-41 shows the fuse map of 8-bit registered arith- 
metic/logical shifter function implemented in a single Am- 
PAL22V10. As shown in the figure, each output requires only 
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DEVICE EIGHT BIT ARITHMETIC LOGIC SHIFTER (PAL22V10) 


PIN 


DEFINE 


BEGIN 


CK 
SEL 
SHIFT 
EN 
LOAD 


Ww FW = 


" HIGH -> ARITHMETIC SHIFT, LOW -> LOGICAL SHIFT" 
" HIGH -> RIGHT SHIFT, LOW -> LEFT SHIFT" 
" OUTPUT ENABLE " 


D{7:0] = 6:11,13,14 
CRY = 15 
Q(7:0] = 23:16; 


LOGIC 
ARITH 
LEFT 

RIGHT 


/SEL ; 
SEL ; 
/SHIFT ; 
SHIFT ; 


IF (EN) THEN ENABLE(C) ; 


IF (LOAD) THEN Q{7:0] 


:= D{[7:0] ; 


ELSE BEGIN 


END ; 


IF CARITH*RIGHT) THEN BEGIN 
Q{7] := Q(7] ; " Q([7] IS A SIGN BIT " 


Q{6] := Q[7] ; 
Q(5:0] := Q[6:1] ; 
CRY := Q(0] ; 

END ; 

IF CARITH*LEFT) THEN BEGIN 
Q{7] := Q[7] ; 
Q{6:1] := Q(5:0] ; 
Q(0] :=0; 
CRY := Q[6] ; 

END ; 

IF (LOGIC*RIGHT) THEN BEGIN 
Q(7] :=0; 
Q{6:0] := Q£7:1] ; 
CRY := Q[0) ; 

END ; 

IF (LOGIC*LEFT) THEN BEGIN 
Q[7:1] := Q(6:0] ; 
Q(0] :=0; 
CRY := Q[7] ; 

END ; 


END. 


TEST VECTORS 
IN CK SEL SHIFT EN LOAD D[7:0] ; 
OUT CRY Q{7:0] ; 


BEGIN 
"CK SEL SHIFT EN LOAD D7 D6 D5 D4 D3 D2 D1 DO CRY 


c X xX 0 0 xX X XxX X X X X XK 2 
c x XxX ‘i 2 2250 4 168 te 
c 161 1 0 % X X X X X X X H 
c 1 #0 1 #0 % X X KX X X X X 4H 
c 1 =6(0 1 0 % X X XX X X X X H 
c 0 1 1 0 % X X KX X X X KX L 
c Oo 1 1 0 % X X X X X X KX L 
c 0 (0 1 0 % X X X X XX K OL 
c 0 (OO 1 0 %* X X X X XX KX L 
END. 


Figure 3-40. PLPL Specification for an 8-Bit Arithmetic Logic Shifter 
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Figure 3-41. Fuse Map for an 8-Bit Arithmetic Logic Shifter 
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Eight-Bit Registered Barrel Shifter 


In most data processing systems, some form of data shifting or 
rotation is necessary. This elementary function is used in such 
diverse applications as floating-point arithmetic and string 


manipulation. In a typical computer, the shifter is located on the 
output of the ALU. This architecture allows single-cycle add 
and shift, and mask and shift operations (See Figure 3-42.a for 
a typical computer ALU architecture). 


INPUT DATA BUS 





REGISTER 
FILE 


ig! 


SHIFT | 
DISTANCE >| = SHIFTER 





a> REGISTER 


OUTPUT DATA BUS 


03862A-81 


Figure 3-42.a Typical ALU Architecture 


Design Requirements 


A barrel shifter takes input data and cyclically rotates it by an 
arbitrary number of bit positions. This cyclic rotation implies 
that the data rotated from the most significant end of the shifter 
is returned to the least significant end. The name barrel shifter 
is used because of the circular nature of the shift operation. 
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The storage register on the output of the shifter is used in this 
architecture to pipeline the data operation, increasing through- 
put. The three-state buffer on the register output is necessary 
to interface the ALU to the output data bus. 





Design Approach 


An 8-bit registered barrel shifter requires at least eight data 
inputs, eight registered data outputs, three control lines to 
specify shift distance, a clock input, a Reset input and an Out- 
put Enable that controls the tri-state buffer on the register 
output. 


Figure 3-42.b shows the block diagram for an 8-bit registered 
barrel shifter while Table 3-12 shows the function table. 


As seen from Figure 3-42.b, the registered barrel shifter func- 
tion requires a total of 14 inputs and 8 outputs. This function 
can be easily implemented in a single AmPAL22V10 device. 
The AmPAL22V 10 can provide up to 22 inputs and 10 outputs. . 
The-dynamic I/O programmability of the AmPAL22V10 permits 
it to meet the I/O requirement. . 


Figure 3-43 shows the PLPL specification for this function. 
Figure 3-44 shows the fuse map of 8-bit registered barrel shift- 
er function implemented in AmPAL22V 10. 


D7 D6 D5 D4 D3 D2 Di ODO 





RST 
$0 | 
1 AmPAL22V10 
CLK | OE 
Q7 Q6 Q5 Q4 Q3 Q2 Qi Qo -08479A-33 


Figure 3-42.b Block Diagram for an 8-Bit Registered Barrel Shifter 


TABLE 3-12. FUNCTION TABLE FOR AN 8-BIT REGISTERED BARREL SHIFTER 


Control In 
S2 $1 S0 


0 
0 
0 
0 
1 
1 
1 
1 


—a = Oo —- — © & 
=o -" oO —- Oo = & 


Input To Output | Mapping 





DEVICE EIGHT BIT BARREL SHIFTER (AmPALL22V10) 
PIN CLK =1 
D{(7:0] = 2:9 /Q(7:0] = 23:16 
SEL2 = 13 SEL1 = 11 SELO = 10 
OF = 14 RST = 15; 
BEGIN 
IF (RST) THEN ARESET(); 
IF (OE) THEN ENABLE(Q[7:0]); 
IF (/SEL2 * /SEL1 * /SELO) THEN Q[7:0] := D(7:0]; 
IF (/SEL2 * /SEL1 * SELO) THEN Q(7:0] := D[6:0], D[7]; 
IF (/SEL2 * SEL1 * /SELO) THEN Q[7:0] := D[5:0], DI[7:6]; 
IF (/SEL2 * SEL1 * SELO) THEN Q[7:0] := D(4:0], D{7:5]; 
IF ( SEL2 * /SEL1 * /SELO) THEN Q{7:0] := D[3:0], D{7:4]; 
IF ( SEL2 * /SEL1 * SELO) THEN Q(7:0] := D([2:0], D[7:3]; 
IF ( SEL2 * SEL1 * /SELO) THEN Q(7:0] := D[1:01, D[7:2]; 
IF ( SEL2 * SEL1 * SELO) THEN Q(7:0] := D{0], D[7:1]; 


END. 





" FUNCTION TABLE SPECIFICATION " 


TEST VECTORS 


IN CLK RST D{[7:0] SEL2 SEL1 SELO; 
I_O OE; 

OUT Q[7:0]; 

BEGIN 


"CLK RST D[7:0] SEL2 SEL1 SELO OE Q[7:0] " 


ern rn tt RAS TLE 


Cc .1 90000000 1 0 1 0 22222222; 
C O 11111111 0 1 0 1. HHHHHHHH; 
C 1. XXXXXXXX X X X 1  LLLLLLLL; 
C O XXXXXXXX X X X 0 22222222; 
C 0 00000000 0 0 0 1  LLLLLLLL; 
Cc O 11111111 0 0 0 1 | HHHHHHHH; 
C O 01111111 1 0 0 1 HHHHLHHH; 
C O 01111111 0 1 0 1 HHHHHHLH; 
C O 01111111 1 1 0 1 HHLHHHHH; 
END. 


Figure 3-43. PLPL Specification for an 8-Bit Registered Barrel Shifter 
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Figure 3-44. Fuse Map for an 8-Bit Registered Barrel Shifter 
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3.4 MICROPROCESSOR 
INTERFACE LOGIC 


3.4.1 THE INTERFACE PROBLEM 


Severai probiems are associated with interfacing a peripheral 
device to a CPU when the two families are not designed to be 
pin-to-pin compatible. One major probiem involves the various 
control signals that each chip uses. What’s more, the popular 
MOS microprocessors differ not only in their instruction set and 
internal architecture, but also in their I/O interface signals and 
timing, and in the way they handle DMA and interrupts. Part of 
the pin incompatibility involves genuine signal differences or 
timing differences. Some pin-to-pin differences require nothing 
more than name changes. 


Problems to Look for When Interfacing 


The foliowing is a list of areas to watch out for when interfacing, 
and are discussed in detail: 


1. Timing 


A. Setup and Hold Times 


i. CS setup and hold to strobe. 

ii. | Address setup and hoid to strobe. 

iii. Data setup and hold to strobe (rising or falling) 
Note: Strobe may be RD, WR, or DS. 


B. Pulse Widths 
i. AS or ALE pulse widths. 
iii RD, WR, DS pulse widths. 
Pulse widths can usually be stretched by inserting 
Wait States if necessary. 
C. Interrupts 


Interrupt structures vary. Mixing interrupt structures 
is the toughest because two or more different sets of 
timings may need to be generated. 





ll. Metastabie Operation 


When to expect a cause of problem and the solutions. 


ll. Bus Structures 


i. MULTIBUS 
ii. iLBX 
iii. iSBX Multichannel 


|. Timing 


Setup and Hold Times 


lf one remembers nothing else from this book, one should 
remember the following: The most common interfacing error is 
the violation of setup and hold times! More specifically, three 
areas of setup and hold time relationships need close atten- 
tion, and we will discuss them after a brief overview. 


Setup and hold time are the minimum time the proper signal 
must be on the bus before and after the strobe. Minimum setup 
and hold time criterion must be met for proper interface opera- 
tion. When interfacing involves direct hookup, individual 
specification can be looked up and the worse case calculated 
to meet timing requirements. If the interface invoives additional 
components, such as buffers or transceivers, the data to strobe 
timing relationship may change and correction by delay 
devices such as flip-flops or latches may be necessary to bring 
the system circuit within timing requirements. The following are 
areas that need special attention: 


i) Chip select (CS) setup and hold time to strobe. (Figure 
3-45). 


Here we use RD as the strobe. ts is the minimum CS to 
strobe setup time. t, is the minimum hold time. Com- 
parisons are made in conditions where these require- 
ments are not met and could lead to the wrong device 
being selected (Figures 3-46 and 3-47). 


02188A-1 


Figure 3-45. 
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02188A-2 


Figure 3-46. 








Figure 3-47. 


02188A-3 





-— 


Note that it is often assumed that CS and RD or CS and 
WRare simply gated together. This is true for most periph- 
erals but not in all cases. Check the manufacturer's 
specification. It is often possible to implement and simplify 
the design but manufacturers do not guarantee operation 
in these unusual modes. 


Address setup and hold times to strobe. 
(Figures 3-48 and 3-49) 


The figures illustrate the relationships between strobe to 
address setup and hold, and CS. Address setup time is 


measured with respect to the leading edge of the strobe. If _ 


the strobe is not sufficiently delayed, after the address is 
valid, the address setup time requirement will not be met. 


iii) 
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Address hold time will not be met if CS is, due to internal 
delay, late in going HIGH. This can be compensated by 
delaying the WR strobe. Failure in meeting either require- 
ment will result in incorrect addressing. 


Data setup and hold times to strobe (WR). 
(Figures 3-48 and 3-49) 


The data setup and hold times are measured with respect 
to the rising edge of the strobe. The data is represented 
here as a window. If the strobe goes HIGH too late, data 


hold time will not be met, and incorrect data may be read. 


This may happen if the strobe is purposely delayed to meet 
Address setup and hold times. The data can be latched to 
allow a larger window so that data hold time can be met. 
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Figure 3-49. 02188A-5 


ll. Metastable Operation . 


Metastable conditions occur in all flip-flops when the active 
clock edge samples the input at exactly the same time the input 
changes state. When this happens, the cross-coupled latch at 
the output can reach a balanced, symmetrical condition in 
which it will remain for some arbitrary time before returning to 
its proper state. This problem is faced by designers when 
interfacing asynchronous digital signals. Although most difficul- 
ties can be overcome somewhat easily, there is a more funda- 
mental problem that defies a perfect solution. The following is a 
general overview of the metastable probiem. 


Latches and flip-flops are normally considered bi-stable 
devices, since they have two unconditionally stable operating 
points, either HIGH or LOW. There is, however, a third operat- 
ing point when the cross-coupled arrangement is exactly bal- 
anced. This operating point is stable only if there is no noise in 
the system and the system is perfectly balanced. The condition 
is called metastable (meta=Greek for “between’). A metas- 
table condition wiil last only long enough for the circuit to fall 
into one of the two stable operating points. This period can be 
many micro-seconds, or milliseconds, for devices as fast as a 
74S74 flip-flop. If a flip-flop has reached the balanced, metas- 
table condition, it may remain in this state for an undetermined 
time, perhaps 1000 times longer than its normal response 
speed. Previously, the designer of asynchronous system had 
only one remedy for the metastable problem; two or more 
synchronizer flip-flops could be cascaded. This can reduce the 
probability of a metastable output but will also increase the 


_ throughput delay. 
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When to Expect this to Cause a Problem? 


In most digital systems, certain asynchronous events 
(keystrokes, incoming data, interrupts) must be synchronized 
to the computer clock. The textbook:solution is a fast, clocked 
flip-flop, like the 74S74, in which the asynchronous signal is 
applied to the D input and clocked with the system clock. This 
usually results in a perfectly synchronized output. 


lf the data sheet specified a setup time requirement (3 ns), this 
means that any signal that arrives at least 3 ns before the clock 
edge will achieve the intended result, i.e., a HIGH will set, a 
LOW will reset the flip-flop. Great for synchronous systems! 
But what happens when the asynchronous input violates this 
setup time requirement and changes fess than 3 ns before the 
clock edge? Most of the time; nothing. The actual moment 
where the flip-flop samples the D input is somewhere in the 
guaranteed range, i.e., somewhere less than 3 ns before the 
clock. So the flip-flop makes the decision. It either senses the 


change on the asynchronous input and therefore changes the - 


Q output, or it ignores the change and doesn’t change the Q 
output. So the only thing iost is one clock cycle. Unfortunately 
that's not always true. If the D input changes exactly at the 
same moment that the flip-flop makes its decision, it might 
transfer exactly the amount of energy to kick the output latch 
into the metastable balanced condition, from which it will 
recover after an unpredictable delay (measured in nanosec- 
onds, microseconds or even milliseconds). 


Any latch, flip-flop or register has a “moment of truth” some- 
where inside the guaranteed range of setup time where it ac- 
tually makes up its mind. If the input changes at that very 
momen, the output is no longer synchronous. This “moment of 
truth” is a very short window. For TTL flip-flops, it is of the order 
of 10 ps; for MOS devices, it is more like 50 ps to 100 ps. 
For purposes of this discussion, this timing window will be 
called “t”. 


Here are two extreme examples, in each case there is a need 


to synchronize asychronous inputs that have no phase or fre- 


quency relationship with the computer clock. 


* Data signal derived from a disk, roughly 6 MHz with enough 
frequency modulation and jitter to make it totally asynchro- 
nous to the 10-MHz computer clock. 


Every time the Data Signal falls into the “window”, the probabil- 
ity of hitting the window is t divided by the clock period, or even 
simpler: clock frequency times t. 


M = Metastable Rate = f(D). f(C).t 
f(D) = Device Frequency = 6MHz. 10 MHz. 
10 ps 
f(C) = Clock Frequency = 600 Hz 


The synchronizer goes metastable 600 times per second. 


* Keyboard entry: one keystroke per second synchronized 
with a 100-kHz clock. 


M = Metastable Rate = 1 Hz. 105 Hz. 10 ps = 10°6Hz 


The synchronizer goes metastable with a statistical probability 
of once per 106 sac., i.e., once every six weeks (assuming 5 
eight-hour days/week). 


“Going metastable” here means that the synchronizer output is 
within a mid-level or oscillation range for an unpredictable time. 
Most occurrences will last less than 50 ns, but may occasion- 
ally last much longer - perhaps many microseconds. This cer 
tainly can upset the timing chain. 


A metastable latch or flip-flop has an unpredictable delay and 
will therefore change its output at a time that differs from the 
value obtained from the worst case timing analysis. In a slow 
system this usually doesn't matter, but in a fast system it can 
lead to a “crash”. | 


Solutions 


We cannot eliminate the basic problems but we can reduce the 
probability in two ways: 


1) Cascade two or more synchronizer flip-flops, which is the 
- method employed in all “metastable free” systems. 


2) Use flip-flops that are less prone to metastabie operation 
than the popular 74S74. For example, the AMD Am29821- 
26 registers are “metastable-hardened”. They show no os- 
cillations and only a minimal increase in output delay when 
hit right in the window. 


Metastable operation is an inherent, so far incurable disease of 
all asynchronous interfaces. Once understood, the problem 
can be handled by reducing its probability to an acceptable 
level. AMD’s Am29821—26 registers vastly minimize this 
problem. The Am29800 registers, while not totally immune to 
this problem, are “metastable hardened” by means of a unique 
circuit design that reduces both the probability and the delay of 
any metastable condition. An artificially induced metastable 
condition that failed to produce any output oscillation merely 
increased the clock-to-output delay by 6 ns. This is an improve- 


ment of many orders of magnitude over previously available 


designs. 


ili. Bus Structures 


In the course of interfacing, special attention must be applied 
to the different standard bus systems. They are standard be- 
cause they have the acceptance and support of the industry; 
different because each evolved to satisfy a particular function. 


Bus systems are developed to increase the flexibility and ex- 
pandability of the mother board. They are also developed to cut 
cost and hardware overheads. Since each bus structure has its 
unique area of operation, each must be carefully matched for 
proper interfacing. 


The following are brief explanations on different major bus 
structures and areas of their involvement: . 


Big MULTIBUS vs. Little MULTIBUS 

The big MULTIBUS architecture connects the single-board 
computer with its CPU, memory and I/O to the outside world. 
The so-called little MULTIBUS is the bus between the CPU and 
the other components on the single-board computer. 
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MULTIBUS 


The MULTIBUS evolved, in structure, from 8-bit to 16-bit capa- 
bility; and in architecture, expansion via the iSBX bus and 
Multi-channel bus, and iLBX bus. Expansions were necessary 
because a single system bus structure was no longer capable 
of supporting the demands of today’s high-speed, high- 
performance VLSI microprocessor technology, and its increas- 
ingly complex configurations. 


iLBX 
The iLBX bus provides users the architectural solution that 
extends the high-performance benefits of a processor’s on- 
board local bus to off-board memory resources. Powerful iLBX 
system modules can be created using the bus to connect a 
single board computer and multiple memory cards. The iLBX 
bus preserves the advantages in performance and architecture 
of on-board memory, while allowing a wide range of memory 
capabilities to match application requirements. 


iSBX 

The iSBX bus provides users with a low cost, on-board expan- 
sion solution for Multibus single board computers. The iSBX 
boards allow addition in the areas of parallel I/O, serial I/O, 
peripheral controllers, and high-speed math, without going to 
the expense of additional full Multibus board. iSBX bus com- 
patible boards enable users to buy exactly the capabilities they 
require for their Multibus systems, which keeps both system 
size and system cost at a minimum. 





Multichannel - 


Multichannel bus provides users with a separate path for DMA 
/O block transfers. The new VLSI microprocessors that 
process data at very high rates require the connection of 
numerous high-speed I/O devices to the system bus. The Mul- 
tichannel bus provides for high-speed block transfers of data 
over an 8/16-bit wide data path between peripherals and single 
board computer resources. 


Motorola has its own equivalents to these busses. The signals 
and interfaces are slightly different but the functions are similar, 
and the objective of higher throughput is the same. 
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3.4.2 INTERFACING TO THE 
8086/80186/80286 


Overview 


The 8086 is a general-purpose 16-bit microprocessor CPU. 
The CPU has a 16-bit data bus multiplexed with 16 address 
outputs. There are 4 additional address lines (segment ad- 
dresses which are multiplexed with STATUS) that increase the 
memory range to 1 Mbyte. 8086 addresses are specified as 
bytes. In a 16 bit word, the least significant byte has the lower 
address and the most significant byte has the higher address. 
This is compatible with 8080, 8085, Z80 and PDP11 
addressing schemes but differs from the Z8000* and 68000 
addressing. 


The data bus is “asynchronous”, i.e., the CPU machine cycle 
can be stretched without clock manipulation by inserting Wait 
states between t2 and t3 of a read or write cycle to accom- 
modate slower memory or peripherals. Unlike the 68000, the 
8086 has separate address space for I/O (64 kBytes). 


The 8086 can operate in MIN. or MAX. mode. Maximum mode 
offloads certain bus controi functions to a peripheral device 
and allows the CPU to operate efficiently in a co-processor 
environment. A brief discussion on both the MIN. and MAX. 
modes are as follows: 


MIN. mode: I/O addressing is defined by a HIGH or the 
tO/M output, and activated by the RD output 
for reading from memory, or I/O or activated 
by the WR output for writing to memory 
or I/O. 


DMA: The Bus is requested by activating the HOLD input to 
the 8086. Bus Grant is confirmed by the HLDA output 
from the 8086. 











MAX. mode: /O operation is controlled by two outputs 

(8086 plus from the 8288. 

8288) IORC: active during Read from 1/O 
lIOWC: active during Write to !/O 
MRDC: active during Read from memory 





MWTC: active during Write to memory 


DMA: The Bus is requested and Bus Grant is acknowledged 
on the same pin (RQ/GTO OR RQ/GT1) through a 
pulsed handshake. 


interrupts in Min. and Max. Modes: 


Interrupt is requested by activating the INTR or NMI inputs to 
the 8086. 


Interrupt is acknowledged by the INTA pin on a MIN. mode 
8086 or by the INTA pin on the 8288 in MAX. mode. 


Note: There is no RD or |IORC during the interrupt- 
acknowledge sequence. 


8086 and Z8000 Peripherals 


Z8000 peripherals may be interfaced to the 8086 in many 
ways. One thing distinguishes the Z80xx peripherals from 
others is that they require data to be valid prior to the falling 
edge of DS during a write. The way to go about meeting this 
requirement is to use a 74LS74 to delay the falling edge of WR 
and OR RD with WR. By using the asynchronous ready mode 
of the 8284A and the other half of the 74LS74, one Wait State 
is inserted in both the read and write cycles, and thus stretches 
DS to meet the minimum pulse width requirements. In the ex- 
amples that follow, one assumes that there are other devices in 
the system that require the use of the Am9519A. In another 
example, the Am9519A is not needed to interface the peripher- 
als interrupt structure. INTA is tied HIGH since the vector will 
be supplied by the Am9519A. The interrupt service routine can 
read the peripheral status to determine the cause of the inter- 
rupt. The service routine should also clear IP and IUS before 
returning to mainline code. Note, since INTA is tied HIGH, IUS 
needs not be cleared. If INTA is activated, US must also be 
cleared. 


Many of the design examples in this book use PAL devices. 
PAL devices, in many cases, will be the most cost-effective 
solution. The SSI examples show what is being accomplished 
much clearer than by using a PAL device, which is a black box 
to many. Gates are often left over from one circuit which can be 
used to implement other circuits. Whether to use a PAL device 


- or do a discreet design is an individualistic choice and is not 


always clear-cut. As a general rule, if you can replace four or 
more packages, use a PAL device. 
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~ 8086 and Am7990 LANCE 

The LANCE, Am7990, has been designed to be interfaced 
easily with the popular 16-bit microprocessors (8086/80186, 
68000, 28000, LSI-11). Most of the interface logic is embedded 
inside the chip and is program selectable. 


Although the LANCE itself has a multiplexed bus, it can easily 
be interfaced to demultiplexed buses with a minimal amount of 
effort. The following designs assume that the processor and 
the LANCE reside on the same board. Address buffers and 
data transceivers are set up to be shared between the proces- 
sor and the LANCE. All of these designs use PALs to reduce 
the parts count. 


The 8086 to LANCE interface requires a different Bus Request 
handshake, depending on whether the 8086 is configured in 


MAX. or MIN. mode. The 8086 has a bidirectional signal for 
both Bus Request and Bus Grant (RQ/GT ). Both Bus Request 
(RQ), and Bus Grant (GT) to/from 8086 are one CPU clock 
wide, and are synchronous to the CPU clock. Figure 3-50 
shows a PAL design for the conversions in MAX. mode. This 
PAL device is utilized to include other external logic require- 
ments for interfacing the LANCE to 8086. The interface dia- 
gram is similar to the one for the 80186 to LANCE interface 
except for the changes made in programming the PAL device. 


Interface timing diagram is shown in Figure 3-51. 


Figure 3-52 shows a block diagram on the 8086 to Am7990 
interface, in MIN. mode. The interface also employs a PAL 
device to minimize parts count. The PAL equations are given in 
Figure 3-53. 
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HULDA (LANCE) 


RASOUL OSKOUY 
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8086 RQ/GT CONVERSION TO LANCE HOLD/HLDA 
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This PAL converts the request and grant (RQ/GT) of 8086, 
when configured in maximum mode, to the LANCE Am7990 
HOLD/HLDA. Both request (input to 8086) and grant (output 
from 8086) are one clock wide and are synchronous to the 
CPU clock. 


Figure 3-50. 8086 RG/GT, Am7990 HOLD/HLDA Conversion PAL Device 
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Figure 3-51. AmPAL16R4, 8086 (Max. Mode) LANCE Interface Timing Diagram 
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Figure 3-52. Am7990 to 8086 interface 
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PAL16L8 KHUYNH NGUYEN 
PAT 


FILE: 86-90-A. PAL AUG '85 


8086 MINIMUM MODE TO LANCE INTERFACE 
AMD 


ALE /AS DTR NC NC DEN NC /READY HLDA GND 
NC /DPURDY READ /R /T /DAS /WR /RD LE Vcc 


/LE = /ALE + /AS 
/CPURDY = /READY 


; CPU (86) IS BUS MASTER 


IF(/HLDA) DAS = RD + WR 
IF(/HLDA) /READ = DTR 
IF(/HLDA) T = DTR 
IF(/HLDA) R = /DTR * DEN 





; LANCE IS BUS MASTER 


IF(HLDA) RD 
IF(HLDA) WR 


READ * DAS 
/READ * DAS 


Figure 3-53. Source Listing for Example of Figure 3-52 
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80186 to Am79890 LANCE Interface 


Similar to the 8086 to Am7990, this interface uses a PAL 
device design to reduce the parts count. Figure 3-54 shows 


the interface block diagram. 80186/LANCE address and data - 


buses can be connected directly together since they both have 
multiplexed buses. It seems natural to program the LANCE for 
ALE output. However, the PAL device equations or indeed a 


discrete design is easier if AS (CSR3, ACON=1) is used. This. 


ADDRESS» 
BUS 


AD45-ADp 


A19—Ai6 












| /RD PAL16L8 
186/90.PAL 


is because the LANCE tristates ALE, the 186 does not. The 
INTR, READY, and HOLD signals from the LANCE are open 
drain and should be pulled up. The BM1. signal from the 
LANCE or BHE from the 186 along with AO can be used to 
decode the data transfer type (Word/Byte). The external ad- 
dress buffers and data transceivers are enabled by the LANCE 
and the 186. The buffers and transceivers are enabled by 
whichever device is the master. The user should program the 
BCON, BSWP to @, and ACON to 1 in CSR3. 
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Figure 3-54. 80186 to Am7990 Interface 
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8086 and Am9516 Universal 
DMA Controller Interface 


Am9516 in MIN. Mode 


Figure 3-55 illustrates the interface of the Am9516 to the 
8086 in the MIN. mode configuration. Figure 3-57 illustrates 
the interface in MAX. mode. The interfaces could be accom- 
plished by using rather complex implementation of standard 
SSI/MSI logics. Examples here replace the logic portion with a 
PAL device. The MIN. Mode uses the PAL device 16L8. This is 
a good example of “GARBAGE COLLECTION”. It reduces the 
amount of real estate, interconnections, parts, and part types. 
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Both interface examples accomplish two major functions. First, 
when the Am9516 is bus master, it converts RD and WR into 
R/W and DS, and vice versa when the Am9516 is not the bus 
master. Secondly the buffer controls, TBEN and REBN, are 
generated from DEN and DT/R . 








The two examples show different types of latches and 
transceivers and there are many more to choose from. The 
designer selects those that best meet system requirements 
while trying to minimize the number of different parts that must 
be stocked. Figure 3-56 shows the PAL equations for this 
example. 
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Figure 3-55. The Am9516 UDC to 8086 CPU Interface (Minimum Mode) 
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AmPAL16L8 PALASM FILE 


PAL16L8 roa 
PATOOlL | 


Am9516 to 8086 min mode interface chip 


Advanced Micro Devices 


NC ALED ALEP HLDA BW ADO DT /DEN /SEL GND 
NC /RBEN /RD ALE AO /RW /DS /WR /TBEN VCC 


IF (/HLDA) DS RD + WR 
IF (/HLDA) RW = DT 


IF (/HLDA) TBEN = /DT * /SEL * DEN 


IF (/HLDA) RBEN = DT * /SEL * DEN 


IF (HLDA) RD = /RW * DS 

IF (HLDA) WR = RW * DS 

ALE = /ALEP * /ALED 

AO = /ADO * /BW * HLDA * ALED 
ADO * BW * HLDA * ALED 
/ADO * /HLDA * ALEP 
AO * /ALEP + AO * /ALED 


DESCRIPTION 


+++ 


THIS PAL CONVERTS THE CONTROL SIGNALS TO INTERFACE THE 8086 IN 


MIN MODE TO THE Am9516 DMA CONTROLLER. 


THIS IS DONE IN MAX MODE. 


ANOTHER EXAMPLE SHOWS HOW 


Figure 3-56. Source Listing for Example of Figure 3-55. 





Am9516 in MAX. Mode 


This MAX. mode interface between the 8086 and Am9516 
(Figure 3-57) also uses PAL devices to reduce component 
count. 


The example makes several assumptions which result in a 
slightly more complex design than absolutely necessary. The 
8086 is assumed to be in MAX. Mode, and the design has to be 
compatible with a MULTIBUS or similar interface; the 16R4 
and 8288 could be eliminated if this is not the case. 


The 16R6 (Figure 3-57) is a PAL device that performs a 
function similar to the 8288, that is, it converts the processor's 
Status signals and clock into control signals. In this case, the 
signals are, R/W, and Data Strobe (DS), Interrupt Acknowl- 
edge (INTA) and Peripheral Acknowledge (PACK). This PAL 
device, Figure 3-59, basically generates ZBUS signals for 
Zilog peripherals. In the example, it connects to the Am9516 
(UDC). The DMA Controller is very similar to the AmZ8016 
except its bus interface has been modified to interface to non- 
multiplexed buses. This was changed from the previous design 
using a 16R8 to eliminate problems due to skew between OSC 
and CLK. 


The 16R4, Figure 3-58, has two functions. The first is con- 
necting the MIN. Mode protocol of the Am9516 or similar 


device to the MAX. Mode protocol for bus exchange. The 
74LS03s are used to aid in this function. The timing waveform 
illustrates what happens in detail. The basic philosophy is that 
a rising edge on the HOLD input generates a pulse that is one 
clock wide. The CPU samples this pulse and, in response, 
issues a one-clock-wide pulse. The 16R4 uses this response 
pulse to generate HLDA. When the Am9516 has completed the 
necessary transfer, HOLD transitions HIGH to LOW. This gen- 
erates another pulse to the CPU signalling that the Am9516 is 
done and that the CPU may continue. 


The second function of the 16R4 is the conversion of R/W, 
DS and M/IO into the MULTIBUS-compatible signals 
/MRDC, /MWTC, /IORC, and /IOWC, when HLDA is HIGH. It is 
possible to collapse the 74LS03s into the PAL device, thus 
reducing the external logic required to only one open collector 
inverter. The disadvantage, however, is that it adds two addi- 
tional clocks for the bus exchange overhead, one during ac- 
quisition of the bus and one on bus release. For block 
transfers, this is not significant but it may be undesirable when 
performing single transfers, or short burst, or when in Demand 
Mode. To eliminate the 74LS03, change the equation for R2 to 


/R1 + /D2 + Ri + D2, 


and then drive the /[[RQ/GT] line with a 74LS05 from the R2 
output. 
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Figure 3-57. 


AmPAL16R4 PALASM File 


B> Type Am9516 PAL 
PAL1OR4 


8086 to Am9516 inter face 
Advanced Micro Devices 


CLK /RQGT HOLD NC NC NC /RW /DS MIO GND 
/OE /MWTC /MRDC HLDA /D2 /R2 /R1 /IOWC /IORC VCC 


/MIO * DS * /RW 
/MIO * DS * RW 
MIO * DS * /RW 
MIO * DS * RW 


IF (HLDA) IORC 
IF (HLDA) IOWC 
IF (HLDA) MRDC 
IF (HLDA) MWTC 


Rl := HOLD 
R2 := /R1 
D2 := RL 


/HLDA := /R1 + /D2 * /HLDA + 
/RQGT * /HLDA 
DESCRIPTION 


THIS DEVICE CONVERTS THE MIN MODE SIGNALS HOLD AND HLDA TO THE 
MAX MODE /RQGT PROTOCOL. ADDITIONALLY IT GENERATES THE 8288 
EQUIVALENT CONTROL OUTPUTS /MRDC, /MWTC, /IORC, AND /IOWC. THIS 
PAL WAS USED TO CONNECT THE Am9516 TO THE 8086 IN MAX MODE. 


Figure 3-58. Source Listing for Example of Figure 3-57 
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AmPAL16R6 : PAL DESIGN SPECIFICATION 
PAT 005 BY JOE BRCICH 5/10/83 
8086 TO 85XX PERIPHERAL INTERFACE & JAMES WILLIAMSON ee 
ADVANCED MICRO DEVICES 


CLOCK RESET CLK /80 $1 /S2. /LOCK NC NC GND 


/OE /aAS /Pl /RW /DS 7P0O /IACK /RDY CLKD- vcc 

PO := /RESET * SO * /PO * /Pl + 
/RESET * Sl * /PO * /Pl + 
/RESET * S2 * /PO * /P1l + 
/RESET * SO * Pl + 
/RESET * Sl * Pl + 
/RESET * S2 * Pl 

Pl := /RESET * PO * /Pl 
/RESET * Pl * SO + 
/RESET * Pl * Sl + 
/RESET * Pl * S2 


DS := /IACK * /PO * Pl * S00 * /Sl1 * §2 
/IACK * /PO * Pl * /SO * S1 * §2 
IACK * SO * S1 * S2 * PO * /Pl * LOCK 
DS * SO * Sl * S2 
DS * SO * /Sl * S2 
DS * /SO * Sl * S2 


+++ 


RW := SO * /Sl * S2 


IACK := /RESET * SO * Sl * S2 * /PO * /Pl * /LOCK 
/RESET * IACK * SO * S1 * S2 * PO * /Pl * /LOCK 
* 
* 


/ RESET IACK * LOCK * /DS 
/ RESET IACK * /LOCK * DS * /PO * Pl 
RDY := /RESET * SO * /S1 * S2 * PO * Pl + 
/RESET * /SO * S1 * S2 * PO * Pl + 
/RESET * RDY * SO * /S1 * S2 + 
/RESET * RDY * /SO * Sl * S2 + 
/RESET * IACK * SO * Sl * S2 * DS + 
/RESET * RDY * SO * Sl * S2 


/CLKD = CLK 


= /CLKD * PO * /Pl * /IACK * CLK 


DESCRIPTION 

THIS PAL TRANSLATES 8086 BUS SIGNALS INTO COMPATIBLE SIGNALS 

FOR THE 9516. IT IS ALSO APPLICABLE TO 85XX PERIPHERALS BY 
ALTERING /RW AND /DS TO /RD AND /WR. ONE FLIP FLOP IS AVAILABLE 
TO GIVE THE NECESSARY DELAY TO THE FALLING EDGE OF /WR. THE DATA 
STROBE TIMING FOR A WRITE CYCLE IS DELAYED UNTIL THE FALLING EDGE 
OF T2 TO MEET THE REQUIREMENTS OF THE 85XX PARTS. THIS DESIGN 
ASSERTS RDY TO DEMAND ONE WAIT STATE FROM.THE 8086. THIS WAIT 
STATE IS NOT LONG ENOUGH FOR DESIGNS WHICH USE AN 8 MHz 8086. 
THEREFORE, WITH AN 8 MHZ CPU, 85XXA PERIPHERALS SHOULD BE USED. 
AS AN ALTERNATIVE, THREE WAIT STATES CAN BE USED BY ALTERING THE 
RDY EQUATION. THIS PAL ALSO TRANSFORMS THE 8086 TWO CYCLE 
INTERRUPT ACKNOWLEDGE INTO A SINGLE CYCLE OF THE TYPE NECESSARY 
FOR 85XX PARTS. THIS IS MADE POSSIBLE BY SAMPLING THE LOCK 
STATUS, PO, Pl, AND IACK SIGNALS. 


NOTE; THE CLK SIGNAL MUST BE EXTERNALLY INVERTED. 


Figure 3-59. Source Listing for Example of Figure 3-57. 
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80186 to Am9516 Universal DMA Controller 


The addition of the Am9516 to an 80186 design is a natural 
choice in systems requiring four channels of DMA. Figure 3-60 
shows the interface between the 80186 and the Am9516 witha 
PAL device. PCS; is programmed to provide a latched A, 
signal. 


This interface accomplishes two major control transformations. 
First, it converts RD and WR into R/W and DS when the 80186 
is Bus Master, and vice versa when the Am9516 is Bus Master. 
Secondly, the transceiver control signals, TBEN and RBEN, 
are generated from DEN and DT/R. This example shows only 
one possible configuration. Other configurations can be made 
as dictated by system requirements. A PAL device is used here 
to reduce board space. 
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Figure 3-60. Am9516 to 80186 Interface 





AmPAL16L8 PALASM File 


PALI6L8 

PATOOL 7 : 
Am9516 to 80186 interface chip 
Advanced Micro Devices 


NC ALED ALEP HLDA BW ADO DT /DEN /SEL GND 
NC /RBEN /RD ALE AO /RW /DS /WR  /TBEN VCC 


IF (/HLDA) DS RD + WR 

IF (/HLDA) RW = DT 

IF (/HLDA) TBEN = /pDT * /SEL * DEN 
IF (/HLDA) RBEN = DT * /SEL * DEN 
IF (HLDA) RD = /RW * DS 

IF (HLDA) WR = RW * DS 

ALE = /ALEP * /ALED 

AO = /ADO * /BW * HLDA * ALED + 


ADO * BW * HLDA * ALED + 
/ADO * /HLDA * ALEP + 
AO * /ALEP + 


AO * /ALED 
DESCRIPTION 
THIS PAL CONVERTS THE CONTROL SIGNALS TO INTERFACE THE 80186 TO 


THE Am9516 DMA CONTROLLER. OTHER EXAMPLES SHOW HOW THIS IS DONE 
FOR THE 8086 IN MIN AND MAX MODES. © 


Figure 3-61. Source Listing for Example of Figure 3-60 
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iAPX286 to Am9568 Data Ciphering 
Processor Interface 


This interface is designed for an 8-MHz CPU where the DCP is 
synchronously operating at the maximum clock rate of 4 MHz. 
Block diagram for the interface is shown in Figure 3-62. The 
Am9568 requires a narrower width of address strobe than the 
Am9518. This works comfortably with the 60-ns address strobe 
width of an 8-MHz CPU. 


The MULTIBUS Mode Select input of the Bus Controller 82288 
is tied LOW to optimize the command and control signals for 
short bus cycles. The Command Delay (CMDLY) becomes 
active-HIGH for one 16-MHz clock cycle whenever the DCP is 
selected to delay the Read and Write strobes by 125 ns. This 
satisfies the timing requirement of the minimum delay between 
ALE inactive and Read or Write strobe active of the DCP. An 
open-collector gate must be added to allow other peripherals to 
drive this input. 


The ALE, {ORC and !|OWC outputs of the 82288 are wired 
directly to the DCP. ALE strobes a D-Flip-Flop to store the state 
of Chip Select for the entire cycle. 


Q, and the latched Chip Select CSL are ANDed externally to 
generate the Synchronous Ready for the 82284. The 82284 
samples the line at the falling edge of the clock. The registered 


output Q is clocked with the rising edge of the same clock, 
thus satisfying the setup and hold time requirements of the 
82284. Two Wait States are inserted. 


Half of the PAL device operates as a bidirectional Ad- 
dress/Data Multiplexer. During the Address Latch Enabie ac- 
tive phase, the state of A; and Ao is transferred to the AD; and 
AD» pin of the PAL device. The DCP latches this two bit- 
address with the falling edge of ALE. 

When !ORC and CSL are active, the states of AD; and ADo 
are passed to Dy and Do respectively. The DCP Register can 
be read. If 1OWC and CSL are active, the data path is turned 
around: Dy and Do are inputs, AD; and ADo are outputs. 
The Address Hold Time of the PAL device is sufficient because 
the address information is passed to AD, and ADo whenever 
lIORC*CSL or IOWC*CSL are not true, i.e. whenever data is 
not transferred between the CPU and the DCP. 

The Read Data Hold Time requirement of 5 ns of the Am9568 
is satisfied by the propagation delay of the PAL device. 

The Read Data Hold Time requirement of 5 ns of the iAPX286 
is also satisfied by the PAL device. 

The Master Port Chip Select (MCS) input of the DCP is con- 
nected to the unlatched address decoder output. 


Figure 3-64 shows the source listing and Figure 3-65 provides 
the pin descriptions. 
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Figure 3-62. iAPX286-Am9568 Interface 





The DCP Clock 

The PAL device synchronizes the DCP clock to the Data 
Strobes IORC and IOWC (Figure 3-63). It also divides the 
16-MHz system clock (8-MHz CPU clock) down to the maxi- 
mum DCP clock rate of 4 MHz. At this clock rate, the Data 
Strobe Delay to the DCP clock must be 0-30 ns. The Bus 
Controller is specified to generate a Data Strobe timing of 3-15 
ns to the falling edge of CLK (16 MHz). Because of the higher 
propagation delay of a standard PAL device, the registered 
outputs are toggled at the rising edge of CLK before the Data 
Strobes become inactive. This gives additional 32.5 ns for the 
DCP clock signal path. 


Q, to Qg are three outputs of the PAL device state machine. 
The registered outputs are clocked with the rising edge of the 
16-MHz 82284 clock. Whenever ALE and CS are active, Q; to 
Q3 are set to the initial state. Q, to Qg are outputs of a 3-bit 
down counter, with Qg as the most significant bit. 


Q3 is used to generate the SRDY signal for the 82284 as 
mentioned above. 


Q2 is the DCP clock. This design must guarantee that the 
minimum DCP clock HIGH or LOW time is at least 115 ns or 
two 16-MHz clock cycles. This is done by toggling Qe only 


3-72 


during phase 2 cycles of the CPU. The CPU design guarantees 
that there is always a phase 1 cycle between two phase 2 
cycles. 


Assuming a typical PAL device propagation delay of 25 ns, 
timing parameter tCDS (Time Clock Data Strobe) is 10.5 to 
22.5ns (3 + 32.5 — 25nsto 15 + 32.5 — 25ns). This satisfies 
the 0 to 30 ns requirement. 


The AmPAL16R4 has active-LOW outputs. But one output, Qo, 
should be active-HIGH. The equation for Q2 was derived to be 


Qe = ALE*CS Q, * QQ, *a 


To compensate for the inversion in the PAL device, either de 
Morgan Theorem or Karnaugh-Veitch diagrams can be used to 
convert it to the form shown in PAL device Design Specifica- 
tion. _ 


improvements | 

The DCP needs two Wait States only when the Control Regis- 
ters are read. Data Register read or writes and Control 
Register reads can be executed with only one Wait State, 
which improves the Data Ciphering speed of this interface. The 
more sophisticated Wait control logic and the two external TTL 
gates can be integrated into one AMPAL22V10 device. 
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Figure 3-63. Timing Diagram 
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PAL16R4 PAL DESIGN SPECIFICATION 
DCP043 JUERGEN STELBRINK 8-23-83 
1APX286 - Am9568 (DCP) INTERFACE DEVICE 
ADVANCED MICRO DEVICES 


CLK /CS CSL ALE /IORC /IOWC Al A2 NC GND 

JOE Dl D2 /Q1 Q2 /Q3 CMDLY AD1 AD2 vcc 

Ql $= ALE*CS + /Q1 

Je = Q1*/Q2*/ALE + Q1*/Q2*/CS + /Q1*Q2*/ALE + /Q1*Q2*/CS 


Q3 ALE*CS + Q1*Q2*Q3 + /Q1*Q2*Q3 + Q1*/Q2*Q3 + /Q1*/Q2%*/Q3 


/CMDLY := /ALE+/CS 


IF(CSL*IORC) /D1 /AD1 


IF(CSL*IORC) /D2 


/AD2 


IF(CSL*/IORC) /AD1 /AL*ALE + /D1*/ALE 


IF(CSL*/IORC) /AD2 


/A2*ALE + /D2*/ALE 


FUNCTION TABLE 


CLK /CS CSL ALE /IORC Al A2 Dl D2 AD1 AD2 /Q1 /Q2 /Q3 CMDLY 


COMMENT 


; 1 (/CS ACTIVE) 


NO 


(WRITE CYCLE) 
(READ CYCLE) 


AAAANAAAKXAxKXxXN 
ecReciscis-=cBle Bee al all alles 
TH IH HHH NNN 
Heme oo oN NN 
THI Hee eo 
Pee tomo 


Q 
a 
OID WwW 


N 
N 
N 
N 
te 


(NO /CS) 


Figure 3-64. Source Listing for the Example of Figure 3-62 


3-74 


DESCRIPTION: 


INPUT SIGNALS: 


CLK 


{CS 


CSL 


ALE 


Al,A2 


/IORC 


/IOWC 


16 MHZ SYSTEM CLOCK OF THE 82284 SYSTEM TIMING CONTROLLER. 
THIS CLOCKS TRIGGERS THE D-FLIP-FLOPS OF FOUR PAL OUTPUTS 


ACTIVE LOW UNLATCHED CHIP SELECT OF THE ADDRESS DECODER 


ACTIVE HIGH LATCHED CHIP SELECT. IT HAS TO BE ACTIVE TO THE 
RISING EDGE OF ALE OF THE NEXT CYCLE 


ADDRESS LATCH ENABLE OF THE 82288 BUS CONTROLLER 


DEMULTIPLEXED ADDRESS INPUTS. THEY CARRY THE 2-BIT REGISTER 
ADDRESS FOR THE DCP 


INPUT/OUTPUT READ CONTROL OF THE 82288 


INPUT/OUTPUT WRITE CONTROL OF THE 82288 


OUTPUT SIGNALS: 


/QL 


/Q2 


/Q3 


CMDLY 


INTERNAL STATE SIGNAL. IT IS DIVIDED BY TWO FROM CLK AND 


- SYNCHRONIZED TO ALE 


INTERNAL STATE SIGNAL. IT IS DIVIDED BY TWO FROM /Q1 AND 
SYNCHRONIZED TO ALE. IT IS THE INVERTED DCP CLOCK (4MHZ). 
THE RIGHT EDGE OF Q2 IS SYNCHRONOUS TO THE DATA STROBES 
/IORC AND /IOWC, IF TWO WAIT STATES ARE INSERTED. 


INTERNAL STATE SIGNAL. IT IS DIVIDED BY TWO FROM /Q2 AND 
SYNCHRONIZED TO ALE. IT IS USED TO GENERATE THE SYNCHRONOUS 
READY (/SRDY) FOR THE 82284. EXTERNALLY IT HAS TO BE 
LOGICALLY AND'ED WITH THE THE LATCHED CHIP SELECT (CSL). 


COMMAND DELAY GOES ACTIVE FOR ONE CLOCK WIDTH TO DELAY THE 
DATA STROBES. THE AM9568 REQUIRES A DELAY BETWEEN ALE 
INACTIVE AND DATA STROBE ACTIVE. 


BIDIRECTIONAL SIGNALS: 


D1,D2 


DEMULTIPLEXED DATA BUS LINES TO 8086 CPU 


AD1,AD2 MULTIPLEXED ADDRESS/DATA BUS LINES FOR THE DCP 


Figure 3-65. Pin Description for the Example of Figure 3-62 
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Am8530 to 80286 Interface 


The Am8530 is a high-speed, dual-channel serial communica- 
tions controller that supports a variety of advance 
communication protocols. It supports data rates up to 
1.5M bps. | | 


This design note shows an Am8530 to an 80286 CPU interface 
when no interrupts are used (Figures 3-66 and 3-67). The 
design is for a CPU running at 5 MHz with a 100-ns system 
clock cycle time. This clock is used to generate the clock for the 
6-MHz Am8530 SCC. 


Chip select generated by the external decoder in an 80286 
system that is enabled by the M/IO- line will go inactive with the 
falling edge of Tc-phase 1. However, the chip enable for the 


82288 
BUS 
CONTROLLER 






80286 
CPU 


DECODER 






CLOCK 
GENERATOR 





SRDYEN| 





08749A-2 





SCC should stay valid for the entire read or write cycle. The 
PAL device generates the chip enable signal for the SCC using 
a structure equivalent to two cross-coupled NOR gates. 


The Am8530 requires a minimum pulse width of 250 ns for RD 
and WR control signals. For a 100-ns cycle time 80286 with no 
wait state, these controls will be active for 200 ns only. SRDY 
control is generated for the 82284 bus controller to guarantee 
minimum RD and WR pulse widths for the Am8530. 


CMDLY is not used in this design because the address to read 
or write control setup time required is only 80 ns for the 
Am8530; with a 100-ns system cycle time, the time between 
ALE valid and /IORC or /IOWC valid is 100 ns. Even after. 
accounting for the address latch delay, 80-ns timing will still 
be met. 


a| oI 


8530 
SCC 


fal 


8530CLK 






Figure 3-66. Am8530—iAPX286 Interface 
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LL-€ 


" THIS PLPL FILE IS FOR A 16R4 THAT IMPLEMENTS THE LOGIC " COUNT DOWN SPECIFICATION FOR THE COUNTER. " 
NECESSARY TO INTERFACE AN Am8530 (SCC) TO AN 80286 SYSTEM. ™" " Q2 OF THE COUNTER IS THE CLOCK INPUT OF THE Am8530. " 


DEVICE Am8530 to 80286 (PAL16R4) CASE ( Q[3:1] ) 
BEGIN 

PIN 0) Q(3:1] :=7; 
CLK = 1 VCC = 20 1) Q(3:1] := 0; 
/CS =2 /CE = 19 2) Q[3:1] :=1; 
ALE = 3 /INTSO = 18 3) Q(3:1] :=2; 
/tORC =4 /Q{1] = 17 4) Q[3:1] :=3; 
/towe =5 /Q[i2] = 16 5 ) Q(3:1]) :=4; 
NC1 =6 /Q(3]_ = 15 6 ) Q[3:1] :=5 ; 
NC2 = 7 NC5 = 14 7) Q(3:1] :=6; 
NC3 = 8 /SRDY = 13 END ; 
NC4 = 9 NC6 = 12 
GND = 10 NC7 = 11; " SRDY IS GENERATED FOR WAIT STATE GENERATION, IT IS SENT 


TO THE 82284 CLOCK GENERATOR. " 
BEGIN 
SRDY = /(Q([3] * CE) ; 
" CHIP ENABLE FOR THE Am8530 IS DERIVED FROM ALE AND 
THE EXTERNAL DECODER CHIP SELECT OUTPUT. "™ END. 


CE = CS * ALE + INTSO ; 
INTSO = /€ IORC * IOWC) + CE ; 


SYNCHRONIZE THE COUNTER WITH ALE. "™ 


IF ¢ CS * ALE ) THEN Q[3:1] = 7 ; 


Figure 3-67. Source Listing for AmPAL16R4 for the Example of Figure 3-66 





Am9518 to 80286 Interface 


The Am9518 Data Ciphering Processor encrypts and decrypts 
data using the National Bureau of Standards encryption al- 
gorithm. The DCP can be operated in either Multiplexed- 
control or the Direct-control mode. This design shows the logic 
necessary to interface the Am9518 Data Ciphering Processor 
to an 80286 microprocessor system with a system clock cycle 
time of 100 ns. The DCP is operated in the Multiplexed-control 
mode with the C/K- pin tied LOW. (A HIGH level on C/K- will 
place the device in Direct-control mode. This mode is suitable 
for ciphering data using a high-speed controller for high-speed 
applications.) 


Two PAL devices are used to interface the Am9518 DCP to the 


80286. The DCP has a multiplexed address/data port. Note 
that only two bits (MP2 and MP1) are used for DCP register 


re ra en ca cS et Ae A NR nr tate anette eters 







80286 
CPU 


82284 
CLOCK 
GENERATOR 





08749A-1 










addressing. PAL device 1 performs the necessary ad- 
dress/data multiplexing since the 80286 has non-multiplexed 
address and data busses. Memory read/write and data strobe 
control signals for the DCP are also generated by this device. 


PAL device 2 generates the clock for the Data Ciphering Pro- 
cessor by dividing the system clock that is synchronized with 
ALE and CS active. It also generates CMDLY for the 82288 
bus Controller to insert a delay between MAS inactive and 
MRD or MWR active for the Am9518. Note that ALE cannot be 
inverted and tied to the Am9518 Master Address Strobe. Mas- 
ter Address Strobe requires a minimum width of 115 ns— 
device 2 generates MAS to meet this width requirement. This 


device also generates the SRDY signal for the 82284 Clock 


Generator to insert wait states during Am9518 read and write 
cycles. 


MPO ME 
(a (2 
MDS 


AmPAL16L8 
PAL1 


9518 
DCP 


MCS 
MAS 


ae 


ALE MAS 


AmPAL16R4 
PAL2 





CLK 


SRDY 
C/K- 


- Figure 3-68. Am9518—iAPX286 Interface 
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62° 


" THIS PLPL FILE IS FOR A 16R4 PAL DEVICE THAT IMPLEMENTS 
PART OF THE LOGIC NECESSARY TO INTERFACE AN Am9518 (DCP) 
TO AN 80286 SYSTEM. ANOTHER PAL DEVICE (16L8) IS NEEDED 
FOR THE COMPLETE DESIGN. " 


DEVICE Am9518 TO 80286 2 (PAL16R4) 


PIN 
CLK = 4 vcc = 20 
/CS = 2 /¥CS = 19 
ALE = 3 /MAS = 18 
CSL = 4 /Qti] = 17 
NCi 5 /Q{2] = 16 
NC2 = 6 /Q(3] = 15 
NC3 = 7 /CMOLY = 14 
NC4 = §& /SROY = 13 
NC5 =9 NC6 = 12 
GND = 10 NC7 = 11; 

BEGIN 


" MASTER CHIP SELECT FOR THE Am9518 IS DERIVED FROM 
UNLATCHED CHIP SELECT AND INTERNAL STATE. " 


MCS = Q[2] * CS ; 

" MASTER ADDRESS STROBE MUST MEET THE MINIMUM PULSE 
WIDTH REQUIREMENT, IT IS DERIVED FROM AN INTERNAL 
STATE BECAUSE ALE IS NOT WIDE ENOUGH. * 


MAS = /CMDLY ; 


COMMAND DELAY TO DELAT /IORC AND /IOWC GENERATED BY 
THE 82288 BUS CONTROLLER. " 


CMDLY z= /(Q[2] * CS) ; 


* SYNCHRONIZE THE COUNTER WITH ALE. " 


IF ¢ CS * ALE ) THEN Q[3:1]) = 7; 


" COUNT DOWN SPECIFICATION FOR THE COUNTER. " 


" Q2 OF THE COUNTER IS THE CLOCK INPUT OF THE Am9518. 


CASE ( Q[3:1] ) 


BEGIN 

0) Q(3:1] :=7; 
1) Q(3:1]) :=0; 
2) Qf3:1] :=1; 
3) Q[3:1] :=2; 
4 ) Q@[3:1) :=3; 
5 ) Q(3:1] :=4; 
6 ) Q(3:1) :=5; 
7) Q(3:1]) := 6; 
END ; 


" SRDY IS GENERATED FOR WAIT STATE GENERATION, IT IS 
TO THE 82284 CLOCK GENERATOR. " 


_ SRDY = /(Q[3) * CS) ; 


ENC. 


Figure 3-69. Source Listing for AmPAL16R4 for the Example of Figure 3-68 





SENT 


" THIS PLPL FILE IS FOR A 16L8 PAL DEVICE THAT IMPLEMENTS 
PART OF THE LOGIC NECESSARY TO INTERFACE AN Am9518 (DCP) 
TO AN 80286 SYSTEM. ANOTHER PAL DEVICE (16R4) IS NEEDED 
FOR THE COMPLETE DESIGN. " 


DEVICE Am9518_ TO 802861 (PAL16L8) 


PIN 
DTR =1 vec = 20 
Al =2 /MRW = 19 
A2 =3 yao1 = = ‘18 
yiore = & /kD2 = 17 
owe = 5 /INTSO = 16 
ALE =6 seSsk = 15 
/Cs = 7 /d2 = 14 
NC1 = 8 /01 = 13 
NC2 = 9 /MDS = =-—«*12 
GND 0 = 100 NCB, =; 

BEGIN " 


if 


t 
i 


"MEMORY R-/W FOR THE Am9518 IS DERIVED FROM DT/R-. ™ 
MRW = /DTR ; 


" MEMORY DATA STROBE FOR THE Am9518 IS DERIVED FROM 
IORC- AND IOWC-. ",° 
¥ ay 
MDS = /(IORC + 10WC)’; 
/ 


" LATCHED CHIP SELECT IS DERIVED FROM ALE AND THE 
/ 
EXTERNAL DECODER CHIP SELECT OUTPUT. ™ 


CSL = CS * ALE + INTSO ; 
INTSO = /( ITORC * IOWC) + CSL ; 


" THE FOLLOWING SPECIFICATION IS FOR MULTIPLEXING THE 
ADDRESS AND DATA SIGNALS OF THE 80286 FOR THE MASTER 
PORT OF THE Am9518. " 


IF ( CSL * IORC ) THEN D1 = AD1 ; 

IF ( CSL * /IORC ) THEN AD1 = Al * ALE + D1 * /ALE ; 
IF ( CSL * IORC ) THEN D2 = AD2 ; 

IF ( CSL * /IORC ) THEN AD2 = A2 * ALE + D2 * /ALE ; 
END. 


Figure 3-70. Source Listing for AmPAL16L8 for the Example of Figure 3-68 
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3.4.3. INTERFACING TO THE 68000/68020 


The 68000 has an asynchronous, 16-bit, bidirectional, data 
bus. Data types supported by the 68000 are: bit data, integer 
data of 8, 16, or 32 bit, 32-bit addresses and binary-coded 
decimal data. It can transfer and accept data in either words or 
bytes. The DTACK input indicates the completion of a data 
transfer. When the processor recognizes DTACK during a read 
cycle, the data is latched and the bus cycle terminates. When 
DTACK is recognized during a write cycle, the bus cycle also 
terminates. An active transition of DTACK indicates the ter 
mination of a data transfer on the bus. All control and data lines 
are sampled during the 68000’s clock HIGH time. The clock is 
_internally buffered, which results in some slight differences in 
the sampling and recognition of various signals. The 68000 
mask sets prior to CC1 and allows DTACK to be recognized as 
early as S2, and all devices allow BERR or DTACK to be 
recognized in S4,S6, etc., which terminates the cycle. If the 
required setup time is met during $4, DTACK will be 
recognized during S5 and S6, and data will be captured during 
$6. DTACK signal is internally synchronized to allow for valid 
operation in an asynchronous system. if an asysnchronous 
control signal does not meet the required setup time, it is possi- 
ble that it may not be recognized during that cycle. Because of 
this, synchronous systems must not allow DTACK to precede 
data by more than 40 to 240 nanoseconds, depending on the 
speed of the particular processor. I/O is memory-mapped, i.e., 
_ there are no special !/O control signals, any peripheral is 
treated as a memory location. 














DMA: This Bus is requested by activating the BR input of the 
68000. Bus Arbitration is started by the BG output going active. 
The Bus is available when AS becomes inactive. The request- 
ing device must acknowledge bus mastership by activating the 
BGACK input to the CPU. 


The 23-bit address (Aj...Ao3) is on a unidirectional, three-state 
bus, and can address 8 M words (16 M bytes) of memory or 
I/O. It provides the address for bus operation during all cycles, 
except the interrupt cycles. During interrupt cycles, address 
lines A1, A2 and A3 provide information about the level of 
interrupt being serviced. Instead of Ag and BYTE/WORD, 
there are two separate data strobe lines for the two bytes in a 
word. A note of caution here, the 68000 treats the MSB of the 
lower byte as an even byte, or word address. The same goes 
with processors such as the Z8000. Processors such as the 
8086 treats the lower byte as the odd byte. 


Interrupt is requested by activating any combination of the in- 
terrupt inputs to the 68000 (IPLO...2), indicating the encoded 
priority level of the interrupt requester (inputs at or below the 
current processor priority are ignored). The 68000 automati- 
cally saves the status register, switches to supervisor mode, 
fetches a vector number from the interrupting device, and dis- 
plays the interrupt level on the address bus. For interfacing 
with old 68000 peripherals, the 68000 issues an Enable signal 
at one-tenth of the processor clock frequency. There are a 
number of AMD proprietary third generation peripherals that 
can be interfaced to the 68000 CPU, to improve system perfor- 
mance. This section deals mainly with the interfacing of the 
68000 and some of the AMD proprietary peripherals. 
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The 68000 and AmZ8530 Interface with Interrupts 


This example shows how a Programmable Array Logic (PAL) 
device ‘simplifies the task of interrupt generation compared to 
the MSI implementation. The block diagram for the interface 
via a PAL device is shown in Figure 3-71. The timing diagram 
(Figure 3-72) illustrates the Interrupt Acknowledge cycle. As in 
the other designs, RD is generated during Interrupt Acknowl- 
edge to place the vector on the bus. 





> Am29809 
Ao : 


és 
CLOCK 


RW amPALI6R4 
xq 8BKO5XX 


The timing during register programming is not shown. The PAL 
device allows selection of one or two Wait States by making Wo 
HIGH or LOW, respectively. The table below shows the appro- 
priate number of Wait States as a function of CPU speed. 






CPU Speed Wait States 


85XX 

85XX 

85XXA 
___85XXA 


PAL device equations are shown in Figure 3-73. 
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Figure 3-71. 68000 to AmZ8530 Connection Using a PAL 
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PAL16R4 
PAT 002 


PAL DESIGN SPEC 
JOE BRCICH 9 SEPT 83 


68000 TO 8500 OR 9500 PERIPHERALS 


ADVANCED MICRO DEVICES 


CLOCK /CS RW /LDS /WO /AS FCO FCl FC2 GND 


JOE /INTA /ACK 


A := A*/B + B *C + /AS 


B i= AS/C + /A*C + 


/AS 
C i= /A*/B*AS + B*C*AS 
DLDS := LDS | 
RD = 
WR = LDS * /RW 


INTA = FCO*FC1*FC2*AS 


/c /B /A /DLDS /RD /WR VCC 


LDS*DLDS*RW*/INTA + A*C*INTA*AS + A*/B*INTA*AS 


ACK = /INTA®/A*/BA/C#/WO + /INTA*/A*/B*C#WO + 


INTA*/B*A + ACK * LDS 


DESCRIPTION 


THIS PAL DEVICE INTERFACES 85XX TYPE PERIPHERALS TO THE 


68000 MICRO PROCESSOR. 


IT INSERTS 1 OR 2 WAIT STATES AS 


SELECTED BY /WO=#0 IS ONE AND /W0O=1 IS TWO WAIT STATES. FOUR 
WAIT STATES ARE INSERTED DURING INTERRUPT ACKNOWLEDGE CYCLES. 
ALSO THE RD OUTPUT GENERATED DURING INTA IS A FUNCTION OF THE 
INTERNAL STATE MACHINE AND NOT A FUNCTION OF LDS. OE CAN BE 
LEFT OPEN SINCE THE FLIP FLOP OUTPUTS ARE NOT USED DIRECTLY. 
THE FALLING EDGE OF RD IS DELAYED IN ORDER TO GUARENTEE 

THE CS TO RD SETUP TIME REQUIREMENTS. 


Figure 3-73. Source Listing for the Example of Figure 3-71 


68000 and AMD Proprietary Peripherals Interface 


AMD manufactures a large number of peripherals which can be 
interfaced with a number of microprocessor devices. The user 
is advised to verify that the appropriate microprocessor inter- 
face specification is met. Two of the important parameters are 
setup and hold times to ensure that peripherals will work with 
both fast and slow CPUs. In some cases the insertion of a wait 
state is all that is required. In the following sections, the inter- 
face between a number of the AMD proprietary peripheral 
products with the 68000 are discussed. 


The Am29809 Comparator and the Am29806 Com- 
parator/Decoder provide high-speed address selection as well 
as an open collector acknowledge driver. This allows 
memories and peripherals to be conveniently wire ORed to the 
processor's DTACK pin. 





68000 and Am7990 LANCE Interface 


The design of the LANCE has made it easier for the user to 
interface the device with demultiplexed buses. The exaxmple 
shown here is an interface to be compatible with an 8 MHz or 
faster 68000 (Figure 3-74). The two flip-flops are needed to 
adapt the LANCE bus request handshake to the 68000. 
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Figure 3-74. Am7990 to 68000 Interface 
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Autovectoring is used since the Am7990 does not return a _ takes two latches to demultiplex the LANCE address/data lines 
vector during interrupt acknowledge cycles. The BYTE and to adapt to the 68000 address bus. The flip-flops can be 
DAS signals of LANCE are used to generate the UDS andLDS __ replaced by an AMPAL22V10 to minimize parts count. Equa- 
when LANCE is in Bus Master mode; the UDS and LDS is used __ tions for the AmMPAL16L8 are shown in Figure 3-75. 

to generate the DAS when LANCE is in Bus Slave mode. It. . . | 





PAL1L6L8 — | JOE BRCICH 
PATOO2 | 2 FEB 84 
68000 TO LANCE INTERFACE : 
ADVANCED MICRO DEVICES 


/AS RW BYTE /HOLD NC /BG AO NC /BGACK GND 
/cs /TB /UDS /DAS /CLR1 BR /CLR2 /LDS /RB vCC 


IF (/BGACK) RB = CS*RW*UDS + CS*RW*LDS 
IF (/BGACK) TB = CS*/RW 
IF (BGACK) UDS = DAS*/AO*BYTE + /BYTE*DAS 
IF (BGACK) LDS = DAS*AO*BYTE + /BYTE*DAS 
IF (/BGACK) DAS = UDS*LDS | 
CLR1 = /AS*BG 
CLR2 = BGACK ; DELAY 
/BR = /HOLD 
DESCRIPTION | are 
THE GOAL OF THIS INTERFACE WAS TO BE COMPATIBLE 
WITH 8 MHZ AND FASTER 68000'S WHILE MINIMIZING PARTS COUNT. 
THE AM22V10 COULD BE USED TO ELIMINATE THE TWO FLIP-FLOPS 
SHOWN. AUTOVECTORING IS USED SINCE THE 7990 DOES NOT RETURN 


A VECTOR DURING INTERRUPT ACKNOWLEDGE CYCLES. 
NOTE PROGRAM BSWP, BCON TO 1 ,AND ACON TO 0 IN CSR3 REG. 


Figure 3-75. Source Listing for the Example of Figure 3-74 
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68000 to AmZ8068 Data Ciphering 
Processor Interface 


Figures 3-76 and 3-77 show the 68000-DCP interface and 
the interface timing. This interface provides a two-chip solution 
to add high-speed data ciphering to a 68000-based system. 
About 500 kbyte/sec are possible in a CPU-controlled transfer. 
The ciphering rate can be increased with a sophisticated DMA 
controller, or with several DCPs operating in parallel. The CPU 
operates at 8 MHz and the DCP operates synchronously at 
4 MHz. The Interface Controller, a PAL device, generates the 
Address and Data Strobes for the DCP and the Data Acknowl- 
edge for the CPU. It also divides the CPU clock by two and 
synchronizes it to the Data Strobes. 


The main features of this interface are: 
— Multiplexed Control Mode 
— Demultiplexed address and data bus 
— Two-Cycle Operation 


PROM, | 
| COMPARATOR, | 
OR OTHER 
DECODER 





— Clock Synchronization with two Low Cycles after the Data 
Strobes 


— About 500 kbyte/sec ciphering speed 


Data transfers between the CPU and the DCP are accom- 
plished by a two-cycle operation. First the address of an inter- 
nal register is latched in, then the data is transferred. This 
causes a small overhead in the initialization phase, but im- 
proves the ciphering rate in a high-speed data ciphering ses- 
sion. The rate of 500 kbyte/sec can be reached only if a 
high-speed peripheral device is connected to the Slave Port 
and the DCP is programmed for dual port configuration. 


The PAL device is programmed to aliow only DCP transfers to 
the DCP. The PAL device equations are shown in Figure 3-80. 
Ay must be odd to make the CPU transfer the data on the Low 
byte of the data bus. A “O" on A, indicates an Address Latch 
Cycle, whereas a “1” on A, indicates a Data Transfer Cycle. Ap 
must be “1” in both cycles. 


| AmPAL16R4 Amz8068 
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Figure 3-76. AmZ8068 to 68000 interface 
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Figure 3-77. 68000-AmZ8068 Address Latch Cycle (A, = Low) 





An address decoder generates the Chip Select for the DCP. 
The Address Strobe indicates a valid address. The PAL device 
is only activated if the Lower Data Strobe becomes active while 
the Upper Data Strobe stays inactive. This means that data is 
transferred in MOVE.B instructions with an odd peripheral 
address. | 


The PAL device provides two Data Acknowledge outputs. 
DTACK,, is an active Low TTL output. DTACK=2 has the same 
timing as DTACK, , but is an Open Collector output. (The 
Open Collector output is realized by a three-state output which 
has only two states, Low or Floating.) 


Address Latch Cycle 

In this cycle only a Master Port Address Strobe (MAS) is 
generated. Master Port Chip Select (MCS) is tied to Low. LDS 
is sent to the MAS output. The minimum pulse width of LDS is 
115 ns; 80 ns are required for the AmZ8068. 


DTACK is activated with the falling edge of the CPU clock after 
cycle So. The CPU inserts no Wait states. DTACK is deac- 
tivated with the first edge of CLK after AS becomes inactive. 





Data Read Cycle: (Figure 3-78) 


The generation of MDS in a Data Read Cycle is similar to the 
Data Write Cycle. Because the CPU activates LDS one cycle 
earlier, there is no need for a Wait State. The minimum pulse 
width of LDS is 240 ns; the DCP requires 200 ns for a Status 
Register read. DTACK is activated using the same logical con- 
dition as in the Data Write cycle. Because of the earlier activa- 
tion of LDS, DTACK becomes active earlier and the CPU 
inserts no Wait states. 


Data Write Cycle: (Figure 3-79) 


A Data Write Cycle is performed with Ag is HIGH, AS, CS and 
LDS are LOW. The minimum pulse width of LDS is not suffi- 
cient for the DCP which requires at least 125 ns. One Wait 
state or a slower system clock will satisfy this parameter. In this 
interface, one Wait state is inserted by activating DTACK at the 
end of S4. 


The DCP clock is synchronized in Data Read or Write Cycles 
by forcing it Low when DTACK becomes active. This guaran- 
tees that the DCP clock has a falling edge just before LDS 
(MDS) rises. The delay of the DCP clock to CLK is typically 8 
ns for anormal speed PAL device. The delay of LDS to MDS is 
typically 12 ns. The delay of LDS to the system clock is 0-70 ns 
for the 8 MHz version. This results in a delay of 4-74 ns of MDS 
to the DCP clock. The DCP requires 0-50 ns when operating at 
the maximum clock rate. 





This problem is solved by stretching the clock for one cycle. 
The DCP clock stays LOW for two cycle in the end of a transfer 
cycle. This is done automatically by the PAL device (see 
Timing Diagram). 


A Sample Data Ciphering Session 


The interface was built on a Motorola 68000 evaluation board. 
The instructions are shown below. These instructions were 
executed with the “MACSBUG 1.32” evaluation board monitor. 


Address Register: 
AG ioveudtheiaue decals Address Latch Address (A; =0,Ap=1) 
Aq sy ssseees sant ae Data Transfer Address (A;=1,Ag=1) 
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Figure 3-78. 68000-AmZ8068 Data Read Cycle (A, = HIGH) 
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Figure 3-79. 68000-AmZ8068 Data Write Cycle (A, = HIGH) 
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PALI6R4 | - _ PAL DESIGN SPECIFICATION 
DCP044 °° . 7 JUERGEN STELBRINK 8-24-83 
68000 - AmZ8068 (DCP) INTERFACE DEVICE 3. | 
ADVANCED MICRO DEVICES | _ 


CLK2 /CS /AS  /UDS /LDS RW- Al CLK NC GND 
/OE /MAS /MDS DCPCLK NC NC /DTACK1 CLKl /DTACK2 vcc 


/CLK1 = CLK ; INVERT CLOCK TO TRIGGER THE REGISTERED 
; OUTPUTS WITH THE FALLING EDGE OF CLK 
MAS © = AS*LDS*/UDS*/RW*/A1*CS 
MDS = AS*LDS*/UDS*A1*CS 
/DCPCLK := DCPCLK + ; DIVIDE BY TWO 
/DTACK1*CS*AS*LDS*/UDS + 
DTACK1*/AS*/LDS*/UDS ; TWO CLOCKS LOW IN 
; THE END OF A DATA CYCLE 
-DTACK1 := AS*LDS*/UDS*A1*CS +. ; DATA TRANSFER CYCLE 
- AS*/RW*/A1*CS } ADDRESS LATCH CYCLE 


IF (DTACK1*AS*CS) DTACK2 = DTACK1 


FUNCTION TABLE 


CLK2 CLK CLK1 /CS /AS /LDS /UDS RW Al 
DCPCLK /MAS /MDS /DTACK1 /DTACK2 


; / 

; D D OD 

; Cc T T 

ae Cc J / P / / ABA A 

ie 2". a Gf oe 3. c MM cc 

Pe ee: A DDR: Re. A. SR EDD “KK 

>2 K.1l 8 8 S S Wil1:kK § §:1 2 COMMENT 

; CLOCK INVERT 7 
x D BH eR ee Re Oe CK oe ee 

X H LX X¥ X xX X X X XX X X 

; DATA WRITE CYCLE 
c X X L H H H H H X H H H Z+;?; S80 
c xX X L LH H LH =X H H #H 2Z +}; 82 
c Xx X L LLH OL Ss L H LLL; $4 
CX Xs. De H H L L L +}; SW (1 WAIT STATE) 
c x X L L LH OUd4s#H L H LLL; s6 
X X X L H H H L H L H H L Z+} 87 
c X X H H H HL X L H H H Z+;S0 
c X X H LX H X X H H H H 2Z+} S82 

; DATA READ CYCLE 
c X X H H H H H H X H H H Z-+?; S0 
c Xx X L LLH HH L H L L Lz? 82 


Figure 3-80. Source Listing for the Example of Figure 3-76 
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eo SS a ee ae Oe H H L L L?: 84 
cx xX Lb Lb HOH # L HL LL; S6 
x X X L H H H H H L H H L 2: 87 
c X X L H H H HB L H H H Z; 80 
c X X X H H H H B H H H H Z?: 82 
+ ADDRESS LATCH CYCLE 
& x 32 LH ue a oH oe A yp e <82 
CS. Se. Te a ME. “Hoth. “Rea 
@: Se es ES a HE a tH ee 86 
eX oh Hn He. o£ X H H L Z: 87 
c xXx x X H H HULL X H H H 2; SO 
DESCRIPTION: 
INPUT SIGNALS: 
CLK2 CLOCK FOR THE REGISTERED OUTPUTS OF THE PAL. IT IS 
CONNECTED TO CLK1 
CLK 8 MHZ 68000 SYSTEM CLOCK 
/CS CHIP SELECT FOR DCP (A2-A23 ARE RELEVANT) 
/AS ADDRESS STROBE 
/LDS LOWER DATA STROBE USED TO TIME THE MASTER PORT DATA STROBE 





/UDS UPPER DATA STROBE HAS TO BE INACTIVE DURING ALL TRANSFERS 


Al ADDRESS BIT 1 DISTINGUISHES BETWEEN ADDRESS LATCH AND 
DATA TRANSFER CYCLES 


A1=LOW ADDRESS LATCH 
A1=HIGH DATA TRANSFER 


RW READ/ WRITE CONTROL 


OUTPUT SIGNALS: 


/MAS MASTER PORT ADDRESS STROBE 
/MDS MASTER PORT DATA STROBE 
CLK1 INVERTED CLOCK CLK 


/DOTACK1 LOW ACTIVE DATA ACKNOWLEDGE FOR 68000 
ONE WAIT STATE IS INSERTED IN A DATA WRITE CYCLE 


/DTACK2 LOW ACTIVE DATA ACKNOWLEDGE FOR 68000 (OPEN COLLECTOR) 
DCPCLK 4 MHZ DCP CLOCK, IT IS SYNCHRONIZED TO THE MASTER PORT 


DATA STROBE. IN A DATA TRANSFER CYCLE DCPCLK STAYS TWO 
CLK CYCLES LOW TO DELAY THE FIRST RISING EDGE OF THE 


Figure 3-80. Source Listing for the Example of Figure 3-76 (Continued) 
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68000 and a Single Am9516 DMA 
Controller Interface 


The Am9516 Universal DMA Controler (UDC) is a high-perfor- 
mance peripheral interface circuit for 8086 and 68000 CPUs. 
The UDC was designed to interface with non-multiplexed ad- 
dress and data bus systems. However, because it is basically a 
modified 8016, several incompatabilities remain. ALE is more 
like the 8086 than the 68000. Although the timing of ALE 
closely matches the AS of the 68000, it does not tristate when 
the 9516 is not the bus master. The major obstacle in this 
design was generating the proper Data Hold time for a slave 


write; the 8-MHz and 10-MHz CPU provides 30 ns and 20 ns, © 


respectively, while the 9516 requires 40 ns. The newer, 8 and 
10-MHz versions only require 10-ns Hold time, thus simplifying 
the design. 


The interface design shown here (Figure 3-81) uses an Am- 
PAL16R4 to insert a Wait State and truncate DS to the 9516 
early. PAL device equations are shown in Figure 3-82. In this 
case the shortened DS strobes data into the 9516 while the 
CPU holds data valid for almost 1 clock cycle afterwards. This 
Wait State is inserted only during slave write. This Wait State is 


actually a small penalty to pay, because most of the registers 
are being loaded by the UDC itself by means of a linked-list 
control structure. This results in very few writes being done 
directly to the UDC. 


Another interface problem to be addressed is the bus ex- 
change protocol. The BREQ and BACK handshake of the UDC 


‘is converted to the three-wire handshake of the 68000 by the 


PAL device and a 7403 package (open-collector NAND Gate). 
This is done by a state machine internal to the PAL device. The 
State assignment was done to minimize external logic. This is 
very different from the discrete design in the Am9516 data 
sheet because the PAL doesn’t have preset and clear on its 
flip-flops. . 


The UDC can support the bus error function by means of its. 
EOP pin. If a bus error occurs during a DMA transfer, an EOP’ 
will cause the DMA operation to stop and interrupt the CPU. 
The CPU can read status, address, word count, or anything 
else it may need to take corrective action. The UDC may then 
be restarted or reprogrammed appropriately. 


The control signals LDS and UDS are generated by the PAL 
device when the UDC is the bus master. This is a straightfor- 
ward combination of DS, AO, and B/W. 
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Figure 3-81. The Am9516 UDC to 68000 CPU Interface 
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Note that the address latch and data transceiver, along with the the only extra component required to make the 9516 a low-cost 
address decode logic, are present in any case. The 68450 and alternative. Additionally, the 6-MHz 9516 has the same data 


68440 also multiplex address and data, thus the PAL device is throughput as the 8-MHz 68450. 
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PAL16R4 | PAL DESIGN SPECIFICATION 
PATOO6 | JOE BRCICH 9/01/83 

68000 TO Am9516 INTERFACE WITH DATA HOLD CORRECTION 
ADVANCED MICRO DEVICES 


CLK RW AO BREQ //BG /pst /AS /BW /CS_ GND 
/OE /LDS /UDS DSO /C BACK /BR /TB  /RB.vcc 


IF(/BACK) RB = /CS * RW * UDS + 
/CS * RW * LDS 
IF(/BACK) TB = /CS * /RW 


IF(BACK) UDS 


DSI * /AO * /BW + 


BW * DSI ) 
IF(BACK) LDS = DSI * AO * /BW + 
- BW * DSI 
BR := BREQ * BG * BR * AS a 
BREQ * /BG * /BACK 
/BACK := /BREQ + 
/BREQ * /BG + 
/BREQ * AS + 
/BREQ * /BACK + 
/BG * /BACK + 
AS * /BACK 
C := UDS * /BACK | + 
LDS * /BACK 
/DSO := BACK _ - 


/BACK * /RW * C 


DESCRIPTION | 7 

IF BREQ*BACK IS TRUE THE Am9516 HAS THE BUS, OTHERWISE THE 68000 
HAS THE BUS. THIS PAL CONNECTS THE Am9516 TO THE 68000 WITH ONE 
WAIT STATE DURING WRITES WHILE SHORTENING /DS TO ACHIEVE PROPER 
DATA HOLD TIME. IT ALSO CONVERTS THE BUS EXCHANGE PROTOCOL INTO 
68000 FORMAT. THIS DESIGN ASSUMES NO OTHER BUS MASTERS IN THE 
SYSTEM. /RB AND /TB CONTROL THE. TRANSCEIVERS WHEN CPU IS BUS 
MASTER. /CS MUST BE A FUNCTION OF ALL DEVICES CONNECTED TO THE 
CPU BUS NOT JUST THE Am9516 Les AS SHOWN HERE. 


~ L) During a read cycle the only effect from not meeting this 
set-up time is that the data valid access time from the Am9516 
‘will be delayed by a proportional amount. Since the minimum /DS 
Low width from the 10-MHz 68000 (during a read) is 193 ns and the 
minimum /DS Low width to the Am9516 is 150 ns, we have 43 ns 
margin not count ad gate delays which will further increase this 
margin. 

2) During a write cycle this is not an issue since the /DS_ 
comes later and is stretched longer due to the Wait state. 


The /CS to /DS set—ue time of 30 ns is met in the following ways: 


Figure 3-82. Source Listing for the Example of Figure 3-81 


68000 and Dual Am9516 DMA 
Controllers Interface 


‘There has been interest shown in connecting two Am9516 
DMA Controllers to obtain four channels. The example here 
shows that such a system can be built by incorporating one 
PAL device. AMD’s new 22V10 (Figure 3-83). Address and 
data buses are not shown as they are straightforward and 
require no explanation. The PAL device, designated 68K16D2, 
converts the two DREQs into the 68000 three-wire handshake, 


prioritizes the request, and converts the contro! signals appro- 
priately. Equations for the PAL device are shown in Figure 
3-84. 


The key parameters are: 1) data hold with respect to the rising 
edge of DS during a write, and 2) DTACK setup time. Control 
for a data bus transceiver is shown because it will be required 
in most systems. The PAL device provides these signals when 
the CPU is bus master; the Am9516 generates these control 
signals directly when it is bus master. 
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PAL 22V10 — 

PAT 001 | . 
68000 TO DUAL 9516 INTERFACE 
ADVANCED MICRO DEVICES 


JOE BRCICH 
5S APRIL 83 


CLK RW AO BREQl BREQ2 /BG NC ALEl /BW ALE2 /BGACK GND 


/CS - /108 /ups /DS /C /AS 
BR = 


/BR BACK2 BACK1 /TB /RB VCC 
BREQ1*/BGACK + BREQ1*BG + 


BREQ2*/BGACK + BREQ2*BG 


BACK] = 

BACK2 = 
IF (/BGACK) RB = CS*RW*UDS + 
IF (/BGASK) TB = CS*/RW 
IF (/BGACK*AS) DS := AS*/C#/RW + 
IF (BGACK) AS = ALEl + ALE2 
IF (BGACK) UDS = 
IF (BGACK) LDS = DS*A0*/BW + 


IF (AS) C := UDS*BGACK + 


DESCRIPTION 


BREQ1*BG*/AS + /BG*BGACK 
BREQ2*/BREQ1*BG*/AS + /BG*BGACK 


CS*RW*LDS 


AS *RW 


DS*/A0*/BW + BW*DS 


BW*DS 
LDS * BGACK 


THE GOAL IN THIS DESIGN WAS TO BE COMPATIBLE WITH 


8 MHZ AND FASTER 68000'S. 


BECAUSE THE EQUATIONS FOR DS AND 


C WOULD EXTEND INTO THE NEXT CYCLE, THE OUTPUTS WERE TRI- 
STATED TO TERMINATE THESE SIGNALS EARLIER. THIS REQUIRES THAT 
PULL UP RESISTORS BE PLACED ON THESE OUTPUTS. THE INVERTED 
CLOCK WAS USED TO PROVIDE MORE SETUP TIME FOR DTACK IN THESE 


HIGH SPEED SYSTEMS. 


AT 8MHZ THE EQUATIONS CAN BE MODIFIED AND 
THE PULL UP RESISTORS ELIMINATED. 


THIS EXAMPLE IMPLEMENTS 


FIXED PRIORITY WHERE BREQ1 IS HIGHEST. NOTE THAT /AS SHOULD 
NOT BE INCLUDED IN THE ADDRESS DECODER. 


Figure 3-84. Source Listing for 


The Am9516s are shown with independent clocks. The clocks 
may be divided from the CPU clock.or may be generated inde- 
pendently of the CPU. Because WAIT must meet the set-up 
and hold times, DTACK may need synchronization by the use 
of a flip-flop, as shown. This flip-flop may be eliminated in 
synchronous systems. 


The clock is inverted to the PAL device to meet DTACK set-up 
time in systems of 10 MHz or faster. This inverter may be 
deleted in slower systems, if appropriate changes to the PAL 
device equations are made. This PAL device implements fixed 
priority between the Am9516s. BREQ, is the highest priority. 
Rotating priority can be implemented by adding another PAL 
device. 








EOP s are pulled up separately, but could be tied together 
since they affect a channel only if it is active. Tne bus-error 
function can be supported by connecting BERR and EOP . 


3-96 


the Example of Figure 3-83 





lf a bus error occurs, EOP will stop the current transfer and 
interrupt the CPU. The Interrupt Service routine can read the 





status to determine if EOP caused the interrupt or if termina- 


tion was normal. If EOP. caused the interrupt, the Address 
Register can be read to determine where the bus error oc- 
curred. After the problem is corrected, the CPU can program 
the Am9516 to complete the transfer or do an alternate trans- 
fer, aS appropriate. 


When operating the DMA in interleave mode, an external EOP 





shouid be gated with DACK to prevent affecting the wrong 
channel. This is unnecessary if interleave is not used, since the 
UDC releases the bus. 


This arbiter design supports both serial and parallel-expansion 
techniques and is therefore compatible with VME bus protocol. 
Bus grant out was implemented with an external gate due to a 
shortage of pins. The VME/BCLR function was not imple- 
mented because the Am9516 does not support preemption. 





Am8s500 to 68000 Interface 


Modern 16-bit microprocessors, such as the 8086, Z8000, and 
68000, are being used to form the nucleus of powerful per- 
sonal/business computers and engineering workstations. 
However, support peripheral chips are virtually non-existent 
for the most recently introduced 16-bit CPUs such as the 
Motorola 68000. Since the modern microprocessor system 
depends as much on the peripheral controliers as it does on 
the CPU, it is important for a system designer to have a large 
variety of peripheral chips available. The 8500 family of 
peripheral chips from AMD provides users of non-multi- 
plexed bus microprocessors, such as the 68000, a variety of 
powerful peripheral chips that can be interfaced easily witha 
single programmable array logic (AMD PAL) device. 


The Am8500 Family 


The Am8500 Family is a group of programmable peripheral 
chips which offload a variety of system functions from the 
main CPU. They support a variety of operating modes which 
are specified by writing to their control registers. The current 
members of the family include the Am8536 Counter/Timer 
and Parallel I/O Unit (CIO), the Am8038 FIFO Input/Output In- 
terface Unit (FIO), and the Am8530 Serial Communications 
Controller (SCC). While the object of this article is not to dis- 
cuss the capabilities of the Am8500 Family, a brief overview is 
necessary to fully understand its interface requirements. 


The Am8536 is a counter/timer chip which has available three 
16-bit counters. These timer/counters have features such as 
duty-cycle control (pulsed, one-shot, or square waved), retrig- 
gering options, and external access control lines. The ClO 
also provides up to 20 lines of programmable I/O ports. The 
Am8038 FIO is an asynchronous 128-byte buffer specially 
designed to be used by two CPUs or a CPU and a peripheral 
device as a communication or data buffer. It supports a vari- 
ety of handshake interfaces on both !/O ports. Finally, the 
Am8530 SCC is a dual-channel, multi-protocol data communi- 
cations peripheral. The SCC functions as a serial-to-parallel, 
parallel-to-serial converter/controller. It supports a wide vari- 
ety of serial communications protocols and includes exten- 
sive on-board hardware such as baud rate generators, digital 
phase-locked-loops, and crystal oscillators to reduce the 
need for external logic. 





The Control and frequently used Data registers are accessed 
in a different manner. These registers are accessed using a 
single cycle or write. This scheme allows the CPU to interact 
efficiently with the 8500 peripherals during normal use. The 
slower, clumsier initialization procedure is used much less 
frequently and protects the user from altering the operation 
mode accidentally. 


All the members of the Am8500 Family are controlled and con- 
figured by software. The host CPU initializes the Am8500 
operating modes by writing to the internal mode/options 
registers. The internal mode registers are not directly ad- 
dressable by the CPU like the Control and some data regis- 
ters. Instead, a two cycle process is needed to write to them. 
First, the address of the mode/options register being 
modified is written to the Control register; next, the data is 
written to the mode/options register via the Control register. 
The Am8500 peripheral has an internal state machine to keep 
track of whether address or data is being written to the Con- 
trol register. Reading the value of the mode/options register 
is accomplished by first, writing an address to the Control 
register, and second, reading the mode/options data from the 
Control register. 


Design Requirements 


There are several problems associated with interfacing a 
general-purpose peripheral device to a CPU. One major prob- 
lem involves the varicus control signals each chip uses. 
Unless the two families are designed to be pin-forpin com- 
patible (e.g., the AMD/Intel 8086/8087/8089), there generally is 
going to be minor variations between them; the same problem 
exists when interfacing the 8500 peripherals to the 68000. Part 
of the pin incompatibility involves genuine signal differences 
while other pins only require name changes. 


The data pins (Dg-D7) on the 8500 parts are connected di- 
rectly to the lower 8 data lines on the 68000 bus. The register 
select pins (Ao, Ay, A/B, D/C)* can be directly connected to A, 
and Az of the 68000 address bus. The RD and WRlines have to 
be generated from the 68000’s R/W and AS/UDS/LDS signals. 
The 8500 clock (PCLK) is generated by dividing down the 
68000 ciock. 


“Note: The register select/control pins have different names on each 
of the 8500 peripherals. 
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The Interrupt Request line (INT) can be wire-ORed together 
and connected to one of the IPLo-IPL2 inputs on the 68000, 
giving all the peripherals a common interrupt priority level. 
An alternate method might be to give each of the peripherals 
a separate priority level (which would require priority en- 
coding). The interrupt acknowledge line must be generated 
from the CPU status lines (FC)-FC>) by the PAL. Whenever an 
interrupt acknowledge cycie is started, FC>-FC> equal all 
ones. The Interrupt daisy chain control pins (IE! and IEO on 
each 8500 device) are tied together in a standard priority 
daisy chain arrangement (see Figure 3-85). When implementing 
the daisy chain, arbitration delay down the chain must be ac- 
counted for in the PAL signal generation logic. The chip enable 
‘pins for each of the 8500 devices must come from the system 
memory mapping logic. The system designer must also provide 
an 8500 PAL enable line to select the PAL controller whenever 
any one of the 8500 devices has been selected. The DTACK 


HIGHEST 
PRIORITY 
PERIPHERAL 





(FIRST) 





_INTACK 


(MIDDLE) 


kK——-— tsettie—— 


signal back to the CPU will be generated by the PAL logic using 


an internally implemented state counter to generate the correct 


timing. The output is implemented as a simulated open collector 
output so that other non-Am8500 peripherals in the system can 
use the DTACK line. 


Another problem with interfacing general-purpose peripherals to 


the 68000 is timing. Most peripherals run at speeds con- 


siderably slower than the 8, 10, 12, and 16-MHz CPUs being 
produced today. This means using either a slower clock or divid- 
ing down the CPU clock. In the case of the 8500 family, this 
generally means dividing the CPU clock in half and using a CPU 
operating at less than or equal to 12 MHz. Aside from just speed 
problems, system integrators frequently have to tackle subtle 
timing differences between signals or from devised signal equiv- 
alents, e.g., deriving the Am8500 RD, WR, and DTACK from the 
68000’s LDS and R/W: or guaranteeing data setup and hold 
times. 


LOWEST 
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PERIPHERAL 
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(MIDDLE) 
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Figure 3-85. 


TABLE 3-13. INTERRUPT DAISY CHAIN/PROPAGATION DELAY 





- Peripheral 


8536 ClO 
8038 FIO 
SCC 






Chain Position (ns) 


350 | 150 
350 | 
250 





Note: First position timing is INTACK to !EO. 
Middle position timing is IEI to lEO. 
Last position timing is IEI to data strobe set-up. 
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The 68000 has two ways of interfacing to peripherals such as 
the 8500 family. The first uses the special VPA (Valid Peripher- 
al Address) input pin on the 68000. The VPA pin can be acti- 
vated by the Am8500 device select logic at the start of acycle 
to tell the 68000 that a peripheral is being accessed. This in- 
terface was designed to allow the slow, synchronous bus 
6800 peripherals to talk to the 68000’s asynchronous bus un- 
til the new 68000 peripherals could be produced. Also, the 
VPA interface has a slow access rate (a minimum peripheral 
access time of over 1000 ns not including recovery time) 
which would slow down the CPU considerably. And, since all 
the 68000 peripherals are being designed to use the asyn- 
chronous method, this interface will not be discussed. 


When writing data, the 68000 puts address and data onto 
their respective buses and uses the DTACK line as a “got 
data successfully” handshake from the selected device. 
When the DTACK line is recognized, the 68000 removes ad- 
dress and data one CPU clock later. This method allows the 
user to take advantage of the asynchronous bus of the 68000. 
The major difference between the 8500 family and the 68000 
DTACK timing is the way data is strobed in and out of the 8500 
chips. The 8500 devices sample the data on the falling edge 
of WR. The 68000 asserts an address (when reading) onto the 
bus and then uses the DTACK signal from the selected 
peripheral (memory included) to indicate vaiid data and then 
samples on the next falling edge of the CPU ciock. The other 
method of interfacing the Am8500 family to the 68000 uses 
the Data Transfer Acknowledge (DTACK) cycle. 





Design Approach 


Two different methods of interfacing 8500 devices to the 68000 
bus will be presented. One method allows the user to obtain 
fast access to all the 8500 devices. However, some minimum 
software requirements are imposed. The other interface slows 
down the access rate by the CPU but guarantees all 8500 
minimum timing specifications and imposes no software 
overhead. 


There are several timing requirements imposed by the 8500 
family. The first involves read/write access to the parts. The 
8500 (4 MHz) peripherals have a read/write/interrupt acknowl- 
edge timing as shown in Figure 3-86. The minimum read/write 
access time is 400 ns. This means the PAL interface must 
guarantee a valid access cycle of greater than 400 ns (by forcing 
the 68000 to execute several wait states). 


The basic read or write cycle generated by the PAL interface 
looks like Figure 3-88. The 68000 R/W and LDS lines have been 
converted into 8500 RD and WR control signals and with a state 
timing generator, produce the 68000 data valid signal DTACK. 
While the 8500 peripherals latch the data internally on the falling 
edge of WR, all 9500 (Intel-type) peripherals use the rising edge 
of WR to strobe in data. So, the timing used is designed to 
guarantee proper setup and hoid time for both Am8500 and 
Am9500 devices. 
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OF PERIPHERAL VALID DATA 
> 400 <—_——>0 
WR 
| Se =i le 
DATA IN 
cs / 
+ ———— tsettle--_— 
INTACK 
MACK INTERRUPT 
ACKNOWLEDGE 
CYCLE 
RD 
k->0 
ie VALID DATA) 
03862A-123 


Figure 3-86. Am8500 Interface Timing (4 MHz) 
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The DTACK control logic is the only control line which 


employs any sort of special timing in both of the PAL inter- 


faces. In order to guarantee. proper setup and hold time for 
write operations to the 9500 parts, it was necessary to start 





‘| the DTACK cycle in the middie of a PCLK cycle. Hence, it was 


necessary to use the CPU clock to condition the assertion of 
DTACK. Using the Co(PCLK) and the C;-C3 inputs only, would 
have allowed a potential setup time violation during a write oper- 
ation under worst case conditions for an 8 MHz 68000. 


The interrupt acknowledge cycle is very similar to the 
read/write cycle; only two differences exist. First, the inter- 
rupt acknowledge cycle involves only a read operation (see 


interrupt acknowledge timing in ‘Figure 3-88). Secondly, the 
read cycle needs to be stretched out to allow time for the inter- 
rupt daisy chain to resolve priority. If a parallel priority resolution 
scheme is used, then only the priority decode time delay and 
peripheral response time is added on to the interrupt cycle. The 
interrupt time delay varies, based on the number of 8500 
devices in the daisy chain. The time delay is based on the 
8500's position in the chain: first, somewhere in the middle, and 
the last device in the daisy chain (see Table 3-13). Both of the 
current PAL interfaces assume there are three 8500 peripherals 
in the interrupt daisy chain. 


AmPAL16R4 


Figure 3-87. 
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| "Delay time assumes three Am8500 devices in the daisy chain. 
Note: RD and WR may not be asserted LOW simultaneously. 
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Figure 3-88. PAL-Generated Interface Signals 
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The PAL interfaces offered are designed to give the system 
designer maximum flexibility in integrating Am8500 periph- 
erals with 68000-based systems. The first version is designed 
to allow maximum access to the 8500 devices (see Figure 
3-89.a). It does this by delegating the read/write recovery time 
into software. All 8500 peripherals have a minimum post access 
recovery time; i.e., they can’t be accessed for a minimum period 
of time after being read or written (see Table 3-14). Generally, 
this restriction manifests itself only if the CPU has to make 
repeated accesses to the same peripheral part rapidly. While the 
instruction fetch time of the CPU allows for some recovery time, 
it doesn’t guarantee enough time (since the average recovery 
time is approximately 1000 ns and a 68000 instruction fetch 
requires a minimum of 500 ns @ 8 MHz). Hence, the first design 
requires the user to implement minimum software recovery time. 


The software recovery routines in this case generally take the 
form of executing 1-2 instructions (depending on execution 
and fetch time) in between accessing the same 8500 device. 
For most systems, these instruction executions can be used 
to process the data just received. Another method of insuring 
the minimum peripheral recovery time is to juggle the access- 
ing of the 8500 devices in the system so the recovery time re- 
quirement is not violated. 


The second design (see slow PAL timing in Figure 3-89.b) 
relieves the user of all software considerations when using the 
Am8500 parts. The recovery time is built into the PAL design. 
This is done by delaying access on the read/write and then 
taking advantage of the 68000 next instruction fetch to guaran- 
tee that the minimum recovery time is given. Also, a minor 
change was required in the interrupt acknowledge timing; i.e., 
stretching out the INTACK timing slightly to avoid a potential 
glitch on the RD line after an interrupt acknowledge cycle. 


The advantage of software-independent hardware is offset 
by longer read/write cycles to the peripherals, even for single 
accesses. Also, the user is denied access to another 8500 
peripheral until the minimum recovery time has been met for 
the previous one. However, having software-independent 
hardware is sometimes an important feature in asystem; and 
slowing down the peripheral access rate slightly is a small 
price to pay for it. Note, the interrupt acknowledge cycles for 
both designs are virtually the same. This occurred because 
the normal interrupt processing by the 68000 guarantees that 
another access to the 8500 parts cannot occur in time to 
violate their access recovery times. Hence no software delay 
is needed for the fast access interface. 


The interrupt acknowledge delay (for the daisy-chained prior 
ity resolution scheme) in this example has been chosen by 
using an assumption of three 8500 peripherals in the chain. 
Larger or smaller numbers of parts in the daisy chain would 
increase or decrease this result with minor changes to the 
PAL logic equations. The design is flexible enough to support 
the addition of at least 3 more peripherals in the daisy chain. 


The PAL equations and logic diagram for both designs are shown 
in Figures 3-91, 3-92, 3-93, 3-94, 3-95, and Tables 3-15 and 3-16. 
The equations were derived directly from their respective timing 
diagrams (Figures 3-89.a and 3-89.b). Some obvious logic 
simplification was done on the initial equations to reduce the 
number of terms. The integration of the Am8500 peripherals and 
the PAL timing generator are shown in a sample configuration in 
Figure 3-90. 


Finally, the design presented was optimized for an 8-MHz 68000 
system and 4-MHz 8500 parts. The timing/state counter (Co-C,) 
only counts as far as it is needed. Higher performance CPUs, up 
to 12 MHz, can be used with this interface, but 6-MHz 8500 
parts will have to be used. 


TABLE 3-14. PERIPHERAL ACCESS RECOVERY TIME 


Peripheral 
(4MHz) 


8530 SCC 
8536 ClO 
8038 FIO 


Recovery Time 


Greater than 6 PCLK cycles + 200 ns 
Greater than 3 PCLK cycles or 1000 ns 


Greater than 1000 ns 
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Figure 3-89.a “Fast” PAL Am8500 to MC68000 
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Figure 3-89.b “Slow” PAL Am8500 to MC68000 
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Figure 3-90. PAL Am8500 to MC68000 Hookup 


PALI6R4 PAL DESIGN SPECIFICATION 
PATO50 MARK YOUNG 1/21/83 

FAST AM8500 TO MOTOROLA 68000 PAL 

ADVANCED MICRO DEVICES 

CLK DCLK /CS /RESET /LDS RW FCO FCl FC2 GND 

/OE /RD /WR /C3 /C2 /Cl1 /CO /INTACK /DTACK VCC 


; OTATE MACHINE COUNTER CO - C3 
CO := /CO ; 8500 CLK 


Cl := CO*/C1*CS*LDS* /RESET 
/CO*C1*CS*LDS*/RESET 


+ 





C2 := CO*C1*/C2*CS*/RESET 
+ /C1*C2*CS*/RESET 
+ /CO*C1*C2*CS*/RESET 
C3 := CO*C1*C2*/C3*CS*/RESET 
+ /C1*/C2*C3*CS* /RESET 
+ /CO*C1*/C2*C3*CS*/RESET 
RD = C1*/C2*/C3*RW*/INTACK*CS* /RESET ; NORMAL READ 
+ /C1*C2*/C3*RW*/INTACK*CS*/RESET ; NORMAL READ 
+ CO*C1*C2*/C3* INTACK*CS*/RESET ; INTERRUPT ACKNOWLEDGE 
+ RD*INTACK*CS*/RESET ; INTERRUPT ACKNOWLEDGE 
WR = C1*/C2*/C3*/RW*CS*/INTACK*/RESET |; WRITE OPERATION 


/C1*C2*/C3*/RW*CS*/ INTACK*/RESET WRITE OPERATION 


we 


; DATA ACKNOWLEDGE 
IF (CS) DTACK = /DCLK*/CO*/C1*C2*/C3*/INTACK*/RESET 
+ DTACK*RD*/RESET 
+ DTACK*WR*/RESET 
+ /DCLK*CO*/C1*/C2*C3* INTACK* /RESET 


; INTERRUPT ACKNOWLEDGE 
INTACK = FCO*FC1*FC2*C1*/C3*LDS* /RESET 
+ C2*FCO*FC1*FC2*/RESET 
+ /C1*C3*FCO*FC1*FC2* /RESET 
+ /CO*C1*C3*FCO*FC1*FC2*/RESET 


Figure 3-91. Source Listing for the Example of Figure 3-89.a 
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- TABLE 3-15. 


FUNCTION TABLE: 


NOTE: FOR THE SIMULATION, ALL THE SIGNALS USED ARE AT THE 


PIN LEVEL (I.E. WHAT THE CHIP SEES AND PUTS OUT). THE 
ONE EXCEPTION ARE THE CO - C3 PINS. THESE ARE DEFINED 
AT THE REGISTER OUTPUT LEVEL (NON-INVERTED) BECAUSE 
THEY WERE DIRECTLY DERIVED FROM THE TIMING DIAGRAMS 
AND THIS MAKES IT EASIER TO RELATE TO. THE TIMING 
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TABLE 3-15. (Continued) 
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DESCRIPTION: 


THE INTERFACE 


THE USER, HENCE, IS ABLE TO GET 


THE PAL USED IS A MEANS TO PROVIDE FOR THE FASTEST POSSIBLE 
THE REQUIREMENTS FOR THIS MAXIMUM ACCESS UTILIZES IMPLE- 


THE FASTZTOM PAL PROVIDES INTERFACING BETWEEN THE SINGLE CHIP 8500 TO 


MENTED SOFTWARE FOR REPEATED ACCESSES. 
MAXIMUM ACCESS WITH MINIMAL WAIT STATE INSERTION. 
PROVIDES TOTAL SIGNAL COMPATIBILITY. 


THE 68000. 
INTERFACE, 
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PAL16R4 | 7 | PAL DESIGN SPECIFICATION 
PATO50 | | MARK YOUNG 1/21/83 

FAST AM8500 TO MOTOROLA 68000 PAL — : 

ADVANCED MICRO DEVICES 

*D9724 | 

*FO* | | 3 
LOOOO 1111 1011 1111 1111 1111 1111 1111 1111 
L0032 1011 1101 0101 1101 1110 1101 1111 1111 
LO064 1110 1111 0111 1111 1111 1111 1111 1110 
LO096 1110 1111 0111 1111 1111 1111 .1110 1111 
LO128 1011 1110 0110 1101 1101 1110 1111 1111 
L0256 1111 1111 1111 1111 1111 1111 1111 1111 
~L0288 1111 1111 0111 1010 1111 0101 0111 0111 
L0320 1111 1111 0111 1111 1110 0111 0111 0111 
LO352 1111 1111 0111 1101 1111 0110 0111 0111 
LO384 1111 1111 0101 1110 1111 0110 0111 O111 
LO512 1111 1111'° 1101 1111 1111 1111 1111 1111 
L0768 1111 1011 0110 1001 1111 1111 1111 1111 
LO800 1111 1011 0101 1010 1111 1111 1111 1111 
L1024 1111 1011 0110 1110 1101 1111 1111 1111 
L1056 1111 1011 0111 1101 1110 1111 1111 1111 
L1088 1111 1011 0101 1110 1110 1111 1111 1111 
L1280 1111 1011 0110 1110 1110 1101 1111 1111 
L1312 1111 1011 0111 1101 1101 1110 1111 1111 
L1344 1111 1011 0101 1110 1101 1110 1111 1111 
L1536 1111 1111 1111 1111 1111 1111 1111 1111 
~L1568 1111 1001 0111 1110 1001 1101 1111 1111 
L1600 1111 1001 0111 1101 1010 1101 1111 1111 
L1792 1111 11112 1111 1111 2111 1111 1111 1111 
L1824 1111 1001 0111 1110 0101 1101 1111 1111 
L1856 1111 1001 0111 1101 0110 1101 1111 1111 
L1888 1111 1010 0110 1110 1110 1101 1111 1111 
L1920 1111 1010 0111 1111 1111 1111 1111 1110 
C58C0* 

VOOO1 C110XXXXXOOHHHHHLHZ1 
VO002 0010XXXXXOOHHHHHLHZ1 
VOO0O3 C111XXXXXOOHHHHHHHZ1 
vo004 0011XXXXXOOHHHHHHHZ1 
VOOO5 C111XXXXXOOHHHHHLHZ1 
VOO06 0011XXXXXOOHHHHHLHZ1 
VO007 C111XXXXXOOHHHHHHHZ1 
VO008 0011XXXXXOOHHHHHHHZ1 
VOOO9 C111XXXXXOOHHHHHLHZ1 
VO0O10 0011XXXXXOOHHHHHLHZ1 
VOO11 C111XXXXXOOHHHHHHHZ1 
VO012 000100XXXOOHHHHHHHH1 
VO013 C10100XXXOOHHHHHLHH1 
VO014 000100XXXOOHHHHHLHH1 
VOO15 C10100XXXOOHLHHLHHH1 
VO016 000100XXXOOHLHHLHHH1 
VO017 C10100XXXOOHLHHLLHH1 
VO018 000100XXXOOHLHHLLHH1 
VO0O19 C10100XXXOOHLHLHHHH1 
VO020 000100XXXOOHLHLHHHL1 
VO0O21 C10100XXXOOHLHLHLHL1 
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Figure 3-92. Fuse Map and Test Vectors for the Example of Figure 3-89.a 
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V0022 000100XXXOOHLHLHLHL1 
V0023 C10101XXXOOHHHLLHHH1 
V0024 0011XXXXXOOHHHLLHHZ1 
VO0O25 C111XXXXXOOHHHHHLHZ1 
VO026 0011XXXXXOOHHHHHLHZ1 
VO027 C111XXXXXOOHHHHHHHZ1 
VO028 0011XXXXXOOHHHHHHHZ1 
VO029 C111XXXXXOOHHHHHLHZ1 
VO030 0011XXXXXOOHHHHHLHZ1 
V0031 C1010111100HHHHLHLH1 
V0032 00010111 100HHHHLHLH1 
V0033 C1010111100HHHHLLLH1 
V0O034 00010111 100HHHHLLLH1 
VO035 C1010111100HHHLHHLH1 
V0036 00010111 100HHHLHHLH1 
V0037 €1010111100HHHLHLLH1 
V0038 00010111100HHHLHELLH1 
VO039 C1010111100HHHLLHLH1 
V0040 00010111 100HHHLLHLH1 
VO041 C1010111100LHHLLLLH1 
v0042 00010111100LHHLLLLH1 
V0043 C1010111100LHLHHHLH1 
V0044 00010111100LHLHHHLH1 
V0045 €1010111100LHLHHLLH1 
V0046 00010111 100LHLHHLLL1 
VO047 €C1010111100LHLHLHLL1 
V0048. 00010111 100LHLHLHLL1 
VO049 C1010111100HHLHLLHH1 
VOO50 00111XXXXOOHHLHLLHZ1 
VOO51 C1111XXXXOOHHHHHHHZ1 
VOO52 00111XXXXOOHHHHHHHZ1 
7BCF 
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Figure 3-92. (Continued) 
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_ Columns: Inputs (0-31) 
Rows: Product Terms (0-63) 
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Figure 3-93. Logic Diagram for Fast Am8500 to MC68000 Using AmPAL16R4/AmPAL16R4A 
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PAL16R4 PAL DESIGN SPECIFICATION 
PATOS1 MARK YOUNG 1/21/83 
SLOW AM8500/9500 TO MOTOROLA 68000 PAL 

ADVANCED MICRO DEVICES 

CLK DCLK /CS /RESET /LDS RW FCO FC1 FC2 GND 

/OE /RD /WR /C3 /C2 /C1 /CO /INTACK /DTACK VCC 


; STATE MACHINE COUNTER CO --C3 


(2) 
Oo 
li ~ 


/CO ; 8500 CLK 


oO 
-— 


CO*/C1#/C2*LDS*CS*/RESET 
/CO*C1*/C2*#LDS*CS* /RESET 
CO*/C1*C2*LDS*CS* /RESET 
/CO¥C1*C2*C2* /C3*LDS*CS* /RESET 


++4il 


C2 CO*C1*/C2*CS*/RESET 
/C1*C2*CS* /RESET 


/CO®C1*C2*/C3*CS*/RESET 


Be ato 


C3 := CO*C1*C2*/C3*CS*/RESET 
/C2*C3*CS*/RESET 


/C1*C2*C3*CS* /RESET 


++ i 


C1*/C2*C3*RW#CS* / INTACK* / RESET ; NORMAL READ 
/C1*C2*C3*RW*CS*/ INTACK*/RESET. NORMAL READ 
CO*C1*C2*/C3*INTACK* /RESET INTERRUPT ACKNOWLEDGE 
/C1*/C2*C3* INTACK*/RESET INTERRUPT ACKNOWLEDGE 
/CO*C1* /C2*C3* INTACK* /RESET INTERRUPT ACKNOWLEDGE 


2) 
Oo 


+++ 


we 76 wes we w 


WRITE OPERATTON 
WRITE OPERATION 


WR C1*/C2*C3*/RW*CS*/INTACK*/RESET 


/C1¥C2*C3%* /RW*CS* / INTACK* /RESET 


wt 


+ 


wee 


» DATA ACKNOWLEDGE 
IF (CS) DTACK = /DCLK*/CO*#/C1*C2*C3*/INTACK*/DTACK*/RESET 
+ DTACK*RD*/RESET 
+ DTACK*WR*/RESET 
+ /DCLK*CO*/C1*/C2*C3* INTACK*/RESET 


; INTERRUPT ACKNOWLEDGE 

INTACK = FCO*FC1*FC2*C1*/C3*LDS*CS*/RESET 
+ C2#/C3*FCO*FC1*FC2*CS*/RESET 
+ /C2*C3*FCO#FC1*FC2*CS* /RESET 


Figure 3-94. Source Listing for the Example of Figure 3-89.b 
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TABLE 3-16. (Continued) 
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THERE IS 


THE SLOWZTOM PAL IS A SELF-CONTAINED 8500 TO 68000 INTERFACE. 


DESCRIPTION: 


AGAIN, THE INTERFACE PROVIDES TOTAL SIGNAL 


NO USER SOFTWARE REQUIRED FOR THIS INTERFACE, BUT THERE IS A TRADE-OFF 


OF SLOWER ACCESS TIME. 


COMPATIBILITY. 
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PAL16R4 | : | | PAL DESIGN SPECIFICATION 
~PATO51 | 7 , MARK YOUNG 1/21/83 
SLOW AM8500/9500 TO MOTOROLA 68000 PAL 

ADVANCED MICRO DEVICES 

*D9724 

— ¥FO* 

LOOOO 1111 1011 1111 1111 1111 1111 1111 1111 
LO032 1001 1101 0101 1101 1110 1110 1111 1111 
LO064 1110 1111 0111 1111 1111 1111 1111 1110 
LOO96 1110 1111 0111 1111 1111 1111 1110 1111 
~L0128 1011 1110 0110 1101 1101 1110 1111 1111 
LO256 1111 1111 1111 1111 1111 1111 1111 1111 
LO288 1111 1011 0111 1010 1111 0101 0111 0111 
LO320 1111 1011 0111 1111 1110 0101 0111 0111 
LO352 1111 1011 0111 1111 1101 0110 0111 0111 
£0512 1111 1111 1101 1111 1111 1111 1111 1111 
LO768 1111 1011 0110 1001 1101 1111 1111 1111 
LO8O0O 1111 1011 0101 1010 1101 1111 1111 1111 
LO832 1111 1011 0110 1001 1110 1111 1111 1111 
LO864 111] 1011 0101 1010 1110 1101 1111 1111 
L1024 1111 1011 0110 1110 1101 1111 1111 1111 
L1056 111] 1011 0111 1101 1110 1111 1111 1111 
L1088 1111 1011 0101 1110 1110 1101 1111 1111 
L1280 1111 1011 0110 1110 1110 1101 1111 1111 
L1312 1111 1011 0111 1111 1101 1110 1111 1111 
L1344 1111 1011 0111 1101 1110 1110 1111 1111 
L1536 1111 1111 1111 1111 1111 1111 1111 1111 
L1568 1111 1001 0111 1110 1001 1110 1111 1111 
L1600 1111 1001 0111 1101 1010 1110 1111 1111 
L1792 1111 1111 1111 1111 1111 1111 1111 1111 
L1824 1111 1001 0111 1110 0101 1110 1111 1111 
L1856 1111 1001 0111 1101 0110 1110 1111 1111 
L1888 1111 1110 0110 1110 1110 1101 1111 1111 
L1920 1111 1110 0111 1101 1101 1110 1111 1111 
L1952 1111 1110 0101 1110 1101 1110 1111 1111 
~— C5D43* | 

VOOO1 C110XXXXXOOHHHHHLHZ1 
vO0O2 0010XXXX XOOHHHHHLHZ1 
Voo03 C111XXXXXOOHHHHHHHZ1 
vo004 0011XXXXXOOHHHHHHHZ1 
VOoO5 C111XXXXXOOHHHHHLHZ1 
VO006 0011XXXXXOOHHHHHLHZ1 
VO007 C111XXXXXOOHHHHHHHZ1 
vooos 0011XXXXXOOHHHHHHHZ1 
VO0O09 C111XXXXXOOHHHHHLHZ1 
VO010 0011XXXXXOOHHHHHLHZ1 
VO0O11. C111XXXXXOOHHHHHHHZ1 
VO012 000100XXXOOHHHHHHHH1 
VO013 C10100XXXOOHHHHHLHH1 
VO014 000100XXXOOHHHHHLHH1 
VO015 C10100XXXOOHHHHLHHH1 
VO016 000100XXXOOHHHHLHHH1 
VO017 C10100XXXOOHHHHLLHH1 
vo018 000100XXXOOHHHHLLHH1 
~V0019 C10100XXXOOHHHLHHHH1 


OK RK KK kk OK OK KK KK Ok OK OK KK KK KK KK OK KK 


ke K KK KK KK KK KK KK KK OK OK 


Figure 3-94. Fuse Map and Test Vectors for the Example of Figure 3-89.b 
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VO020 000100XXXOOHHELHHHH1 
VO021 C10100XXXOOHHHLHLHH1 
VOO22 000100XXXOOHHHLHLHH1 
V0023 C10101XXXOOHHHLLHHH1 
V0024 000100XXXOOHHHLLHHH1 
V0025 C10100XXXOOHHHLLLHH1 
V0026 O00100XXXOOHHHLLLHH1 
V0027 C10100XXXOOHHLHHHHH1 
V0028 000100XXXOOHHLHHHHH1I 
VO029 C10100XXXOOHHLHHLHH1 
VO030 000100XXXOOHHLHHLHH1 
V0031 C10100XXXOOHLLHLHHH1 
V0032 000100XXXOOHLLHLHHH1 
V0033 C10100XXXOOHLLHLLHH1 
V0034 000100XXXOOHLLHLLHH1 
VO035 C10100XXXOOHLLLHHHH1 
V0036 000100XXXOOHLLLHHHL1 
V0O037 C10100XXXOOHLLLHLHL1 
VO038 000100XXXOOHLLLHLHL1 
V0039 C10100XXXOOHHLLLHHH1 
VO040 000100XXXOOHHLLLHHH1 
VO041 C11111XXXOOHHHHHLHZ1 
VO042 OO11XXXXXOOHHHHHLHZ1 
V0043 C111XXXXXOOHHHHHHHZ1 
V0044 0011XXXXXOOHHHHHHHZ1 
VO045 C111XXXXXOOHHHHHLHZ1 
V0046 0011XXXXXOOHHHHHLHZ1 
V0047 C1010111100HHHHLHLH1 
V0048 00010111 100HHHHLHLH1 
V0049 €1010111100HHHHLLLH1 
VO0O50 00010111 100HHHHLLLH1 
VOO51 C1010111100HHHLHHLH1 
VO052 00010111100HHHLHHLH1 
V0053 €1010111100HHHLHLLH1 
VO054 00010111 100HHHLHELLH1] 
VO055 C1010111100HHHLLHLH1 
vO056 00010111 100HHHLLHLH1] 
VOO57 C1010111100LHHLLLLH1 
VO058 00010111 100LHHLLLLH1 
VOO59 €C1010111100LHLHHHLH1 
vO060 00010111100LHLHHHLH1 
V0061 C1010111100LHLHHLLH1 
V0062 00010111 100LHLHHLLLI 
YOO63 C1010111100LHLHLHLL1 
v0064 00010111100LHLHLHLL1 
VO065 C1010111100HHLHLLLH1 
VO066 00111XXXXOOHHLHLLHZ1 
VO067 C111XXXXXOOHHHHHHHZ1 
vO068 0011XXXXXOOHHHHHHHZ1 
F7FD 





OK OK OK KK KK OK KK KK OK Kk Ok Kk ok Kk ok Ok Kk OK KOK OK OK Kk ok Ok Ok Kk Kk KK KK OK OK KK KK KK KK KK OK 


Figure 3-94. (Continued) 
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Columns: Inputs (0-31) 
_ Rows: Product Terms (0-63) 
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Figure 3-95. Logic Diagram for Slow Am8500 to MC68000 Using AmPAL16R4/AmPAL16R4A 
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Am7970A CEP Interface to the 68000 CPU 


This design presents an example of how to use 
the CEP in a 68000 system. Though the 
Am7970A was designed for easy interface to the 
iAPX family, it can easily be adapted to the 68000. 


General Discussion 


The example may be a part of a workstation 
environment or an image storage application such 
as an optical disk storage device. Also note that all 
FAX applications (Group 3 and 4) are well served. 


Figure 3-96 is the Am7970A CEP interface to the 
68000 CPU. This illustration only shows how the 
system interface of the CEP is embedded in such 
a system. If very high throughput is desired, the 
document interface of the CEP should be 
connected to a large memory bank to buffer the 
image data. The logic for the document buffer 
interface is straightforward. Using memory 
connected to the document side as a source 
buffer (image data) and the system interface as the 
destination buffer (coded data), a whole page of 
image data with a resolution of 300 pixels per inch 
can be compressed in 1-4 seconds. 


The document buffer may be loaded through the 
CEP system interface in transparent mode. It could 
also be designed as a dual port memory which is 
loaded directly by the CPU or by a DMA device. A 
third approach could load the document buffer 
directly by a scanner or a image processing 
peripheral device. The last method reduces the 
necessary data transfers to an absolute minimum 
and is therefore the preferred solution for very 
high performance applications. 


This design assumes that the 68000 is connected 
to a memory bank, either onboard or via a bus 
interface. By setting the appropriate mode in the 
CEP's command register, the user determines 
whether this memory contains either the source or 
the destination buffers for the CEP, or both. 


Hardware Description 


A latch and two drivers are used to demultiplex the 
data from address bits A16-A23 of the CEP and to 
direct the byte-oriented data stream of the CEP to 
the upper and lower bytes of the data bus of the 
68000. On even addresses, data is transfered 
through the upper half of the bus; on odd 


addresses, data passes through the lower half of 
the 68000 data bus. 


All register accesses into the CEP are performed 
through the upper data bus because all CEP 
register addresses are even. They are addressed 
by the signals A0-A7. 


Almost all of the conversion logic for the control 
signals was combined into one PAL. This 
minimizes the hardware required for customizing 
the CEP to any kind of processor. The 
AmPAL22V10 was chosen because it provides 
more outputs than most other PALs and provides 
full freedom in choice of output characteristics 
(polarity, latched/unlatched function). The PAL 
equations are written for the PLPL PAL assembler. 
They can easily be changed for any other available 
PAL Assembler. Refer to Figure 3-97 and Figure 
3-98 for the Pal Device equations. 


The PAL converts the RD, WR and AO signals of 
the CEP to UDS, LDS, and R/W signals of the 
68000. It provides the control signals for the data 
transceivers and transforms the two-wire bus 
arbitration signals of the CEP (HRQ, HLDA) to the 
three-wire arbitration scheme of the 68000 (BR,BG 
and BGACK). 


The 68000 CPU uses a memory mapped I/O 
address scheme. The 1/O interface logic assigns a 
memory area to the CEP internal registers using 
standard address comparators. The CS output is 
validated by AS LOW. In sophisticated operating 
systems the CEP access should be reserved to 
supervisor level memory accesses. Here this is 
accomplished by an LS138 decoding this access 
mode from the signals FCO-2. The output is used 
to enable the comparators. 


When designing the memory interface, care 
should be taken that the setup time for the READY 
input is meet. If the environment does not provide 
this demand, the READY signal coming from the 
memory must be synchronized with a flip-flop 
register. 


Operation 


Interrupt Handling 


The CEP notifies the CPU about an exception 
condition (e.g. end of page) by driving the INTR 
line HIGH. The CEP does not produce interrupt 
vectors by itself. If aspecific application demands a 
user vector to be asserted by the peripheral, an 


3-117 





TO MEMORY BUS 


A1-A15 


A16-A23 


DO-D7 
TRANSCEIVER 


Vec 


DIR 
D8&—D15 


| ae) 
Be 
oO 


ae} 
re 
=e 


me} 
io 
RO 


68000 
CPU 


R/W 


3| 
oO 
” 


| 


R- 
O 
77) 


CL 


A 


wl Sl mi 


BGACK 





DTACK 







ADDRESS 
COMPAR- 
ATOR EOUT 


DECODER 


Figure 3-96. Am7970A CEP to 68000 CPU Interface 
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07666A 5-1 


DEVICE (AMPAL22V10) 
“7970A CEP to 68000 Interface Controller 


CEP 68KPAL VERSION 1.0 
AMD Wolfgang Kemmler 9-12-85 ” 
PIN 

CLK = ] NEG = 24 
/CS = 2 /BHEN = 23 
ALE = 3 /BLEN = 22 
/BG = 4 AO = 21 
HRQ = 5 HLDA = 20 
RESET = 6 /RD = 21 
NC = 7 /WR = 19 
NC = 8 /UDS = 18 
NC = 9 /LDS = 17 
NC ee! /RW = 16 
NC = 11 NC = 15 
GND = 12 NC = 14 
BEGIN 





IF ( RESET ) THEN ARESET() ; 
IF ( HLDA ) THEN ENABLE ( RW ) ; HLDA RW = WR 


. 
’ 


IF ( HLDA ) THEN ENABLE( UDS ) ; UDS 


il 


RD * /AO + WR * /AO ; 


IF ( HLDA ) THEN ENABLE( LDS ) ; LDS = RD * AO + WR * AO 


IF ( /HLDA ) THEN ENABLE( RD ) ; RD = /RW * UDS ; 
IF ( /HLDA ) THEN ENABLE( WR ) ; WR = RW * UDS 


. 
v 


IF ( /HLDA ) THEN ENABLE( AO ); AO = UDS 


° 
7 


BHEN = HLDA * /AO * RD + HLDA * /AO * WR + CS * UDS ; 


BLEN HLDA * AO * RD + HLDA * AO * WR + CS * LDS 


BR := HRQ * BG * BR * AS + HRQ * /BG * /HLDA ; 
/HLDA := /HRQ + /HRQ * /BG + /HRQ * AS + /HRQ * /HLDA 


+ BG * /HLDA + AS * /HLDA ; 
END ; 


Figure 3-97. PLPL Specification for the Example of Figure 3-96 
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PAL16R4 
VERSION 1.0 
CEP 68KB 

AMD 


. CEP to 68000 Interface Controller 


WOLFGANG KEMMLER 9-12-85 


CLK /RD /WR HROQ ALE /CS /BG NC NC GND 
/OE /DTACK READY /BR HLDA NC NC /AS /BGACK VCC 


BR := HRQ * BG * BR * AS + HRQ * /BG * /HLDA | 


/HLDA 


:= /HRQ + /HRQ * /BG + /HRQ * AS + /HRQ * /HLDA 


+ BG * /HLDA + AS * /HLDA 


IF ( CS ) DTACK = READY 


IF ( HLDA ) READY = DTACK * RD + DTACK * WR 


IF ( HLDA ) AS = ALE 


BGACK = HLDA 


Figure 3-98. CEP to 68000 Interface Controller 


interrupt controller such as the Am9519A must be 


used. 


To avoid an additional interrupt controller, this 
design follows an easier approach to service the 
interrupt request for the. CPU, using the 68000 
auto vector mode. The status decoder generates 
the interrupt acknowledge signal from the status 
lines FO-F2. This signal is used to drive the VPA 
input of the CPU. If this line instead of DTACK is 
asserted during an interrupt acknowledge cycle, 
the 68000 will use the internal auto vectors instead 
of an externally supplied vector. 





The interrupt inputs of the 68000 are directly 
connected to the inverted INTR signal of the CEP 
without using the usual priority encoder. 
Assuming that the auto vector mode of the CPU is 
used as described above, 2 more peripherals 
could notify an interrupt request to the CPU by this 
method. With respect to all possible combinations 


of pending interrupt requests, the auto vector 


table would have to look like this: 


TABLE 3-17. EXCEPTION VECTOR TABLE 


Vector No. Assignment 
25 Auto Vector 1 
26 Auto Vector 2 
27 Auto Vector 2 
28 Auto Vector 4 
29 Auto Vector 4 
30 Auto Vector 4 . 
31 Auto Vector 4 


The vectors are selected by the 68000 according 
to the the priority of the interrupt inputs IPLO-IPL2. 


07666A 5-3 
This schematic shows the CEP connected to IPL2 
giving it the highest priority. The CEP removes 
INTR with the next access to a command register. 


68000 Accesses to the Am7970A CEP 
Registers (Slave Mode) 


By driving CS LOW, the address decoder notifies 
the CEP that the CPU wants to access the CEP 
internal registers. The CEP reacts by driving 
READY LOW and _ interrupting its internal 
microprogram. The READY signal is an output of 
the CEP as long it is in slave mode. Depending on 
the internal status of the CEP, READY is released 
after 4 - 50 CEP clock cycles. 


The CEP provides a totally asynchronous slave 
interface. This keeps the logic very simple. The 
data hold time for a “slave write access” is 20 ns 
minimum which perfectly matches the 68000 up to 
a CPU clock frequency of 10 MHz. 


Data transfers in slave mode are generally passed 
through the upper bus driver (D8-D15) because all 
registers are located at even addresses. 


Am7970A CEP System Memory Access 
(Master Mode) 


The CEP drives HRQ HIGH to gain bus control. As 
soon as HLDA goes HIGH it enables its system 
interface lines and start a memory access. 


In this operating mode, READY is an input to the 
CEP. READY is connected to the inverted DACK 
of the 68000 system. The CEP samples the 
READY line before driving the RD or WR signals 
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LOW. These signals are used to provide the UDS 
and LDS signals which normally are asserted much 
earlier in typical 68000 systems. Therefore, the 
DTACK line which signals the completion of the 
memory access, cannot be asserted earlier than RD 
or WR. This causes an automatic wait state for each 
CEP memory transfer. 





The full performance of the CEP in a 68000 system 
can only be reached if the memory design is opti- 
mized not only for the 68000 but also for the specific 
CEP timing. If UDS and LDS are only used to enable 
the data driver of the memory banks and if the 
memories are fast enough, and if the READY line is 
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driven HIGH during master access ail the time 
(disregarding DTACK), then the CEP can be used 
without a wait state. 


NOTE: 

The CEP needs only 3 clock cycies for a 
memory transfer while the 68000 CPU 
takes 4. An additional wait cycle would 
equal the access times of both devices, 
assuming they are running at the same 
clock frequency. A CEP running at 5 MHz 
without a wait state, on the other hand, 
would match the memory access time of an 
8-MHz 68000. A 5-MHz CEP does not nec- 
essarily reduce the performance of faster 
clocked CPUs. 








Am8530 to 68020 Interface | 


This design note shows the logic to interface a 6-MHz Am8530 
Serial Communications Controller to the 68020 CPU running at 
10 Mhz with a system clock cycle time of 100 ns. The Am8530 
is a high-performance, dual-channel SCC that supports data 
rates up to 1.5M bps and a variety of communication protocols. 


The PAL device generates the /RD and /WR control signals for 
the Am8530 from the 68020 /DS and R/W- control signals. It 
also generates the clock for the SCC by dividing the 68020 
system clock. This meets the.165-ns minimum cycle time for 
the 6-MHz SCC clock. 


Also, a state machine is implemented to perform the hand- 
shake necessary for byte transfers on the 68020 bus. The state. 


‘machine transition diagram is shown in Figure 3-100. Normally, 


DSACK[1:0] is inactive. When this device is selected, a wait 
state is inserted and then data transfer is acknowledged by. 
asserting DSACK[1:0] for byte transfer. When the. CPU 
deasserts the address strobe, DSACK[1:0] is negated. 
DSACK[1:0] will be driven by other devices on the 68020 sys- 
tem bus. The PAL device enables DSACK[1:0] only when the 
CPU performs a read or write cycle for the SCC; at other times 
DSACK[1:0] lines are three-stated. | 


Since the Am8530 is a byte-wide peripheral, it is connected to 
the upper byte of the 32-bit wide 68020 data bus. 





D[24:31] 


0 
DECODER 


R/W- 


DSACK{1] 
DSACK[0] | 





ICS 
mI AS 
/DS 
RW 


| AMPAL16R4 


8530CLK 
CLK 


08749A-11 


Figure 3-99. Am8530 to 68020 Interface 
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Figure 3-100. 68020 Byte Port DSACK Handshake State Diagram 
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" THIS PLPL FILE IS FOR A 16R4 THAT IMPLEMENTS THE LOGIC 
NECESSARY TO INTERFACE AN Am8530 (SCC) TO A 68020 SYSTEM. " 


DEVICE Am8530_TO_ 68020. (PAL16R4) 


PIN 

CLK 
/AS 
/DS 
RW 

/CS 
NC4 
NC2 
NC3 
NC4 
GND 


BEGIN 


= 4 vec = 20 
22 DSACK(1] = 19 
= 3 DSACK[O] = 18 
4 SsTti] = 17 
#5 ST(0] = 16 
= 6 Q = 15 
7 NC5 = 14 
= 8 WR = 13 
= 9 RD = 12 
= 10 NC6 ce i ar 


" READ AND WRITE CONTROL SIGNALS ARE DERIVED FROM 
R/W- AND DS-. " 


WR 
RD 


/(0S * /RW) ; 
/(DS * RW) ; 


" THE INCOMING CLOCK IS DIVIDED BY 2 TO GENERATE THE 
CLOCK FOR THE Am8530. " 


CASE ( Q ) 
BEGIN 


0)Q: 
1) Q: 


END; 


THE FOLLOWING CODE IMPLEMENTS THE STATE MACHINE TO 
PERFORM DSACK OPERATION. IT INSERTS WAIT STATES, 
ASSERTS DSACK FOR BYTE TRANSFER AND REMOVES DSACK 
WHEN AS IS NEGATED. "™ 


IF ( /CS ) ENABLE ¢ DSACK{1:0] ) 


IF ¢ ST([1:0] = #810 ) 
. THEN DSACK[1:0] = #B10; 
ELSE DSACK(1:0] = #811; 


CASE ( ST{[1:0] ) 
BEGIN 
#B00) BEGIN 
IF € /CS ) 
THEN ST[1:0] : 
ELSE ST[1:0] : 
END ; 
#801) ST[1:0] := #810; 
#B10) BEGIN 
IF € /AS ) 
THEN ST{1:0] : 
ELSE ST{1:0] : 
END . 
END ; 


#800 ; 
#801; 


#800 ; 
#810; 


END. 


Figure 3-101. PLPL Specification for the 8530 to a 68020 Interface 
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A PAL-Based Direct Memory Access 
Controller for the 68020 


Introduction 


Direct Memory Access operation on the 68020 system bus 
provides an interesting design challenge. There are many 
design issues that need to be addressed for an efficient DMA 
design. 


The 68020 can accomodate memory blocks and peripherals of 
different widths (8, 16, and 32 bits) on the system bus. The 
68020 imposes a connectivity requirement on slave devices 
wherein 8-bit devices must be connected to the uppermost 
byte of the data bus and 16-bit devices must be connected to 
the upper word of the data bus. 


issues related to device data width are: What kinds of transfers 
will be supported by the DMA device? How flexible should be 
the data funneling scheme? (Data funneling refers to packing 
and unpacking data when mixed width transfers—8-to-16, 8- 
to-32, etc.—are performed.) Data funneling can be further 
complicated when it becomes necessary to perform upperto- 
lower and lower-to-upper byte swap (i.e., a device with a word- 
wide bus may write (read) the byte on the lower byte of the data 
bus, whereas the 68020 reads (writes) the byte on the upper 
byte of the upper data bus). 


The 68020 system bus allows a memory read (or write) opera- 
tion in three clock cycles. With a 16-MHz 68020 this translates 
to a memory cycle time of approximately 180 ns. In a high- 
performance design, it would be desirable to have a 32-bit 
wide, no-wait-state memory. Speed of the DMA operation in 
such a system should be limited only by the memory speed 
and not the DMA hardware itself. Incorporating an off-the-shelf 
DMA controller in the 68020 system must be evaluated on this 
basis. 


Another aspect of Direct Memory Access operation is the block 
size of the data transfer. With a 32-bit wide address bus, the 
choice of block size is indeed large. Also, there should be no 
unreasonable restriction on the starting address of the source 
and destination transfer areas. 


Design Objectives—Fast and Simple! 


This design note shows one possible implementation of DMA 
logic for the 68020 system using PAL devices. This is a no-frills 
design for performing single-cycle, 32-bit, memory-to-memory 
transfers. It is possible to incorporate other features using 
more logic. These features may prove useful in some specific 
applications. 


The design objectives are as follows: perform 32-bit memory- 
to-memory transfers without any wait states, support transfer 
to and from any area in the memory with a block transfer size of 
at least 64K bytes, and support preemptive DMA operation. 


implementation Detail 


A block diagram of the DMA logic is shown in Figure 3-102. 





Two address pointers, a counter, a data latch, and a control 
register make up the DMA logic. Two PAL devices are used to 
implement the DMA control logic. An AmPAL16R4 PAL. device 
is used to perform the control-state sequencing and some 
control-signal generation, and an AMPAL16L8 device is used 
to generate the remaining control signals. The state sequenc- 
ing PAL device is clocked with a 32-MHz signal (2 x SYS CLK). 


There are two address pointers—one for source and the other 
for destination area. The pointers are 30 bits wide—the upper 
word of each pointer is a segment register that is written by the 
CPU before a DMA transfer is initiated; the CPU must perform 
segment register maintainance (i.e., if the transfer area spans 
a segment boundary, the CPU must break up the transfer into 
two separate operations and update the segment register be- 


tween the two DMA operations). 


The lower word of the pointer is a 14-bit incrementor that is 
loaded by the CPU before the DMA operation is initiated; since 
the lower address word can be loaded by the CPU it can start 
the transfer at any long-word boundary memory addresses. 
This pointer is incremented by the DMA logic as each transfer 
is performed. Address bits A1 and AO are stuck-at-zero since 
the DMA controller handies long words only. 


A 32-bit data latch is used to temporarily hold the fetched data 
long-word from the source. During destination writes, this 
becomes the source of data. 


Depending on the characteristics of the RAM devices used in 
the system, it is possible to modify the control logic such that it 
is not necessary to have the external 32-bit data latch tempo- 
rarily hold the long-word being transferred. 


Assuming DRAMs are used in the system, here is how that 
scheme will work: the controller starts a read cycle from the 
source, after allowing for read access time, the address and 
RAS applied to the source are taken away while maintaining 
CAS to the source. This frees up the address bus for driving 
the destination address while maintaining valid data on the 
data bus with the source data. The write operation to the des- 
tination is now initiated. The address for destination is provided 
by the destination address pointer and the data comes directly 
from the source DRAM. The transfer cycle is completed by 
removing the RAS and CAS to the destination and the CAS to 
the source. 


A 14-bit decrementor that is loaded by the CPU is used to track 
the number of long-words transferred in the current DMA cycle. 
This counter is loaded by the CPU before a new DMA opera- 
tion is initiated. The decrementor is decremented by the DMA 
control logic as each transfer is performed. A count of zero 
indicates the end of current DMA operation. 


A command register is used to start the DMA operation by 
writing the GO bit. The zero detect signal of the counter 
(CTR ZERO) is used to reset the GO bit. 


DMA related pointers, counter and command register are 
shown in Figure 3-103. These locations are mapped to the 
68020 memory space. They are all written by the 68020 before 
the DMA operation is initiated (by writing the GO bit of the 
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Figure 3-102. PAL-Based DMA Controller for the 68020 
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COUNTERS ARE INCREMENTED/DEINCREMENTED BY THE DMA LOGIC. 


Figure 3-103. DMA Pointers, Counters, and Command Register 





command register). The address pointer count (lower word of 
the address pointer) is incremented by the DMA controller on 
every transfer cycle. 


The DMA transfer cycle is a tight twelve-state sequence. It 
requires the destination pointer to be incremented while the 
read operation is in progress, and the source pointer to be 
incremented while the write operation is in progress. This 
necessitates initializing the destination pointer with a value that 
is one less than the desired destination transfer area start 
address. 


It is possible to map the command and the counter locations to 


the same long-word address; and they can be written in the 
same long-word write cycle by the CPU. There should be no 
timing problems when count and GO is written simultaneously 
because the bus arbitration must take place before the DMA 
logic can use the count value. When the CPU regains control of 
the system bus, it should read the count register to determine if 
the transfer is complete. : 


DMA preemption is implemented in. the control state machine. 
Bus Grant (BG) can be negated by an external bus arbiter at 
any time and the DMA controller will complete the current bus 
cycle and give up the system bus by deasserting the Bus Grant 
Acknowledge (BGACK) signal. Another device can now 
become the bus master; however since the transfer is not com- 
plete, the DMA logic will keep the Bus Request (BR) signal 
active and attempt to complete the transfer whenever the other 
bus master relinquishes the bus. 


A state diagram for the DMA controller state machine is shown 
in Figure 3-104. Note that all signals are assumed active HIGH 


A timing diagram for major-signals in a memory-to-memory 
























in this state transition diagram. The device stays in the IDLE 
state until a DMA operation is started by writing the GO bit of 
the command register. The controller then requests the bus 
(BRQ state) and after the bus is granted (BGT state), it initiates 
memory-to-memory transfers—read followed by write cycles; 
note that one memory-to-memory transfer cycle is an in- 
divisible operation. 


The DMA preemption is performed in state WS5. When the 
external arbiter signals that the bus is needed by another po- 
tential bus master (by negating BG), the DMA controller gives 
up the bus and enters the BRQ state and stays there until the 
bus is returned to the DMA controller. 


The current DMA transfer is complete when the count value 
reaches zero. It causes the DMA controller to give up the sys- 
tem bus (BR is negated) and forces the DMA state machine 
into the idle state. 


Conditions for state transitions are shown in the state transition 
diagram (Figure 3-104). Figure 3-106 shows the specification 
for a PAL device (AmPAL16R4) to implement this state dia- 
gram. Table 3-18 shows the control outputs as a function of the 
current state. This table can be used to derive the PAL 
specification for the control output generation (combinatorial 
only) PAL device (AmPAL16L8). It should be noted that it is 
necessary to three-state some of the control signals by using 
the BR and BGACK control inputs. 


transfer cycle is shown in Figure 3-105. The DMA controller 
essentially generates the timings of the 68020 system bus for 
memory read and write cycles. 
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Figure 3-104. DMA State Machine Transition Diagram 
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Figure 3-105. DMA Transfer Major Signal Timings 
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" THIS IS THE STATE MACHINE SPECIFICATION FOR THE 68020 


DMA CONTROLLER LOGIC. 


DEVICE 68020 DMA (PAL16R4) 


PIN CLK 
/8G 
GO 
CTR_ZERO 
/DSACK [1] 
/DSACK [0] 
INIT 
NC2 
NC3 
GND 


tou 
OmOAnN ou FWP = 


— 
So 


" STATES ARE DEFINED BELOW. 


DEFINE IDLE 
RSO 
RS3 
WSO 
WS3 


" THE STATE TRANSITION SPECIFICATION FOLLOWS. 


e =e =a 


oO AWW OO 
2 


BRQ 
RS1 
RS4 
WS1 
WS4 


- VINEET DUJARI 08/15/86 " 


vcc 
/BR 
/BGACK 
ST [3] 
ST [2] 
ST(1] 
ST [0] 
/AS 
/DS 
NC4 


Hh oft 
— ek 
W © 

=. «8 


u 
= 
o 


= 11; 


BGT 
RS2 
RS5 
WS2 
WS5 


DERIVED FROM THE STATE TRANSITION DIAGRAM. 


BEGIN 


IF € INIT ) THEN RESET ( ST[3:0] ) ; 


IF ¢ BR * BGACK ) THEN ENABLE ( AS, DS ) ; 


# 


IT IS 


CASE ¢ ST[3: 


END; 


END. 


IDLE 


BRQ 


BGT 


RSO 
RS1 
RS2 
RSS 
RS4 


RS5 


wso 
WS1 
wS2 
wWS3 
WS4 


WS5 


0] ) 
) IF ¢€ /GO ) THEN ST(3:0] := IDLE 
ELSE ST(3:0] := BRQ 
) IF ( /BG ) THEN ST[3:0] := BRQ 
ELSE ST[3:0] 

) ST{[3:0] := RSO ; 

) ST{3:0] := RSI ; 

) ST(3:0] := RS2; 

) ST{3:0] := RS3; 

) ST3:0] := RS4 ; 

) IF ¢€ DSACK[1:0] ) THEN ST[3:0] : 

) ST{3:0] := wso ; 

) ST{(3:0] := WS! ; 

) ST3:0] := WS2 ; 

) ST(3:0] := WS3 ; 

) ST[3:0] := WS4 ; 

) IF ( DSACK{1:0] ) THEN ST[3:0] : 

) BEGIN 
IF ¢ CTR ZERO ) THEN ST(3:0] : 
IF ¢( /BG ) THEN ST[3:0] := BRQ 
IF ¢ BG * /CTR_ZERO ) THEN ST[3:0] 

END; 


Figure 3-106.a PLPL Specification for the 68020 DMA Controller Logic 


GO 





:= BGT 


ELSE ST{(3:0] : 


ELSE ST{(3:0] : 


=e 


RS5 ; 
RS4 ; 


WS5 ; 
WS4 ; 


IDLE ; 


:= RSO; 
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" THIS IS THE PLPL SPECIFICATION FOR THE LOWER-UPPER BYTE 
OF THE 68020 DMA ADDRESS POINTER. 


- VINEET DUJARI 08/19/86 "’ 


DEVICE LOWER_UPPER_ADR_PTR (AmPAL22V10) 


PIN 
CLK 


D8) _ 


D9] 
B10] 
D{11] 
D[12] 
D [13] 
D114] 
D115] 
LD 

INC 

GND 


" THIS DEVICE GETS A LOAD INPUT 
LOADS THE VALUE FROM THE DATA 


tou ou 
OOnN OW FWD = 


— md 
- © 


_ 
N 


~ vec 


A[8} 
Af9] 
A[10] 
AC11] 
A[12] 
A[13] 
A[14] 
A[15] 
NC1 
CT 


ENB 


= 24 
= 23 
= 22 
= 21 
= 20 
= 19 
= 18 
= 17 
= 16 
= 15 
= 14 
= 13; 


(LD) FROM THE CPU THAT 
BUS TO THE COUNTER 


REGISTER. INCREMENT CONTROL (INC) INCREMENTS THE 
COUNTER PROVIDED THE COUNT (CT) CONTROL IS ACTIVE. " 


BEGIN 


IF ( ENB ) THEN ENABLE ( A[15:8] ) ; 


A[15] := 
LD * D{15] 
/INC * A[15] 
INC * CT * (¢ 


+ " LOAD VALUE ™ 
+ " RECIRCULATE VALUE " 
" COUNT UP ™ 


/AC15] * AL14] * A[13] * 
AC11] * AC10] * 


A(12] 
A[9] 

A[15] 
A[15] 
A(15] 
A[15] 
AC15] 
A(15] 
A[15] 

5) 


* 

* A[8] 

* /AT14) 
* /A[13] 
* /AL12] 
* /AL11] 
* /A(10) 
* /AT9] 
* /AT8] 


INC * /CT * AL15] 3 


A[14] := 
LD * D[14] 
/INC * A[14] 
INC * CT * ¢ 


+ + + + + + + 


" RECIRCULATE VALUE " 


+ " LOAD VALUE " 
+ " RECIRCULATE VALUE " 
" COUNT UP " 


/AC14] * AC{13] * A[12] * 


AL11] * AL10] * A[9] 


A[8] 
A[14] 
A(14] 
A(14] 
A(14] 
A(14] 
A(14] 
) 


* /A(13) 
* /A(12] 
* /A(11) 
* /AC10) 
* /AT9] 
* /A(8] 


INC * /CT * A[14] ; 


* 


+ + + + + + 


* RECIRCULATE VALUE " 


Figure 3-106.b PLPL Specification for the 68020 DMA Controller Logic (Continued) 


CEL-€ 


A({13] := 
LD * D[13] 
/INC * A(13] 
INC * CT * ¢ 
/AT13) 
A(10] 
A(13] 
A(13] 


A131]. 


A[13] 
A[13] 
) 

INC * /CT * A[13] 


A(i2] := 
LD * O[12) 
/tNC * A(12] 

INC * CT * ¢ 
/AC12] 
A{9] 
A[12] 
A{12] 
A{12] 
A(12] 
) 

INC * /CT * A[12] 


A(11] := 
LD * D{11] 
/INC * Af11] 
INC * CT * ¢ 
/AT11) 
A[8] 
A{11] 
A[11] 
A{i1] 
) 
INC * /CT * A[11] 


* * © © & 


ma 


* 


A(i2] * A{11] 
A(9] * A[8] 
/AT12) 
/AT11] 
/AT10)] 
/A(9] 
/A(8) 


AC11] * AC10) 
A{8] 

/ATAN 

/A(10] 

/AT9] 

/AT8] 


A[10] * A[9] 


* /AT10) 


* 


* 


/AT9] 
/AT8] 


+ 


+ 


" LOAD VALUE " 
™ RECIRCULATE VALUE " 
" COUNT UP " 


* RECIRCULATE VALUE " 


+" LOAD VALUE " 
+ " RECIRCULATE VALUE " 


+ + + + 


" COUNT UP " 


" RECIRCULATE VALUE " 


+ " LOAD VALUE " 
+ " RECIRCULATE VALUE " 


+ 


+ 


" COUNT UP " 


" RECIRCULATE VALUE " 


A{i0] := 
LD * D[10) 
/INC * A[10] 
INC * CT * (¢ 
/AC10] * A[9] 
A(10] * /A[9] 
A(10] * /A[8] 
) 
INC * /CT * A[10] ; 
A(9] := 
LD * D9] 
7INC * ALI] 
INC * CT * (¢ 
/A(9]_ * A(8) 
A(9] * /A[8] 
) 
INC * /CT * A[9] ; 
A[8] := 
LD * D{8] 
/INC * A[8] 
INC * CT * (¢ 
/A8] 
) 
INC * /CT * A[8] ; 
END. 


* A(8] 


+ " LOAD VALUE " 
+ " RECIRCULATE VALUE " 


+ 


+ 


COUNT 


uP" 


" RECIRCULATE VALUE " 


+ 
+ 


" COUNT 


+ 
" COUNT 


Figure 3-106.b PLPL Specification for the 68020 DMA Controller Logic (Continued) 





" LOAD VALUE 
" RECIRCULATE VALUE 
UP " 


" RECIRCULATE VALUE 


" LOAD VALUE " 
" RECIRCULATE VALUE 
up " 


" RECIRCULATE VALUE 


vEL-E 


" THIS IS THE PLPL SPECIFICATION FOR THE LOWER-LOWER 
BYTE OF THE 68020 DMA ADDRESS POINTER. 


- VINEET DUJARI 08/19/86 ™ 


DEVICE LOWER_LOWER_ADR_PTR (AmPAL22V10) 


PIN. 


CLK = 
D{I7] = 


D [6] 


D5] = 
D [4] = 
D3] = 
D [2] = 
NC1 = 
NC2 = 
LD = 
INC = 
GND = 


O ON AOU FWD = 


—_> awk 
am CD 


ke 
NM 


vcc 

A[7] 
A[6] 
A[5] 
A[4] 
A[3] 
A[2] 
NC3 


NC4 


NC5 
CT 
ENB 


= 24 
= 23 
= 22 
= 21 
= 20 
= 19 
= 18 
= 17 
= 16 
= 15 
= 14 
= 13; 


" THIS DEVICE GETS A LOAD INPUT (LD) FROM THE CPU 
THAT LOADS THE VALUE FROM THE DATA BUS TO THE 
COUNTER REGISTER. INCREMENT CONTROL (INC) INCREMENTS 
THE COUNTER. COUNT (CT) CONTROL IS GENERATED FOR 


THE UPPER BYTE. 


_ BEGIN 


IF ¢( ENB ) THEN ENABLE ( A[7:2] ) ; 


A{7] := 
LD * D{7] 
/INC * A[7] 
INC * ( 


+ "LOAD VALUE ™ 
+ " RECIRCULATE VALUE " 
" COUNT UP " 


/A(7] * Af{6] * A[5] * 


A[4] 
A[7] 
A[7] 
AE7] 
A(7] 
A(7] 
»; 


A{6] := 
LD * D[6] 
/INC * A[6] 
INC * ¢ 

/A(6) 

A[3] 

A[6] 

A[6] 

A[6] 

A[6] 

»; 


A(5] <= 
Lo * D{5] 
/INC * AL5] 
INC * ( 


* A(3] * A[2] * 
* /Al6] 
* /A(S] 
* /A[4] 
* /A[3] 
* /A[2] 


+ + + + 


+ * LOAD VALUE " 
+ " RECIRCULATE VALUE ™ 
" COUNT UP ™ 


* 


* a(S] * A[4] 
* A[2] 
* /A(5) 
* /A(4] 
* /A(3) 
* /A[2] 


+ + + + 


+ " LOAD VALUE " 
+ " RECIRCULATE VALUE * 
" COUNT UP ™ 


/A(5] * A[4] * A[3] * 


A[2] 
A(5] 
A(5] 
A(5] 
di 


* /A(4] 
* /AT3] 
* /A[2] 


Figure 3-106.c PLPL Specification for the 68020 DMA Controller Logic (Continued) 





LD * D[4] " LOAD VALUE " 
/INC * A[4] “ RECIRCULATE VALUE " 
INC * ( " COUNT UP " 
/A[4]) * A[3] * A[2] + 
A(4] * /A{3] + 
A{4] * /A(2] 
3 
A{3] := 
LD * D{[3} " LOAD VALUE " 
JINC * A[3] " RECIRCULATE VALUE " 
INC * ( — © COUNT UP " 
/A(3] * A(2) + 
A(3] * /A[2] 
3 
Af2] := 
LD * D[2] + " LOAD VALUE " 
/INC * A[2] + " RECIRCULATE VALUE 
INC * ¢ " COUNT UP " 
/AC2] 
>; 


CT := A[7] * A[6] * A[5] * A[4] * A[3] * A[2] ; 


END. 


Figure 3-106.c PLPL Specification for the 68020 DMA Controller Logic (Continued) 
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TABLE 3-18. OUTPUT TABLE 
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3.4.4 INTERFACING TO THE 8088/80188 


Overview 


The 8088 CPU is an 8-bit processor designed around the 8086 
internal structure. Most functions of the 8088 are identical to 
the equivalent 8086. The 8088 fetches and writes 16-bit words 
in two consecutive bus cycles. Both the 8086 and the 8088 
handle the external bus the same way but the 8088 handles 
only 8-bits at a time; and both appear identical to the software 
engineer, with the exception of execution time. 


The hardware interface of the 8088 contains the major differ- 
ences between the two CPUs. The pin assignments are nearly 
identical, however, with the following functional changes: 


Ag-Ai5 These pins are only address outputs on the 
8088. They are latched internally and remain 
valid throughout a bus cycle in a manner 


similar to the 8085 upper address lines. 


SSO Provides the SO status information in the mini- 
mum mode. This output occurs on pin 34 in 
minimum mode only. 


DT/R, |O/M, and SSO provide the complete bus status in 
minimum mode. 
\O/M has been inverted to be compatible with the 


MCS-85 bus structure. 


ALE is delayed by one clock cycle in the minimum mode when 
entering HALT, to allow the status to be latched with ALE. 


The 8088 and AMD Proprietary Peripherals 


The evolution of chip design has taken the 8-bit environment 
into the 16-bit environment. While the new generation of pe- 
ripheral devices are often 16 bits wide, the older, established 
8-bit orientation of CPUs and peripherals are still significant. 
Interfacing a 16-bit peripheral with an 8-bit CPU often encoun- 
ters data path incompatibility and involves bus control 
manipulation. This type of integration mainly involves separat- 
ing the control and data paths from the new peripheral and the 
system. 


The ability to mix different data path widths can improve sys- 
tem functionality, performance, and cost. It is less expensive to 
use an 8-bit bus in a new design because the memory require- 
ments are generally cheaper. A designer can use this data path 
mixing to upgrade the existing system until a new system 
design is warranted, or the designer can simply improve on the 
existing design as new peripherals become available. AMD 
makes a number of proprietary peripherals and the following 
sections show users with 8-bit systems how to incorporate 
those AMD products into their designs. 


8088 and Am8052 CRT Controller Interface 


The interface technique between the Am8052 CRT Controller 
and an 8-bit microprocessor also applies to the 8088 and 
Am8052 interface. 


There are two fundamental issues associated with mixing 
devices that communicate over different-sized buses. The first 
problem is allowing the two devices to communicate on a 
“common” data bus. Consider, for example, a 16-bit system 
utilizing 8- and 16-bit peripherals. Overcoming the mismatched 
data paths requires some form of controlled multiplex- 
ing/demultiplexing of the different data paths. In addition, extra 
control signals for partitioning the 16-bit word into 8-, and 16-bit 
units may be required. Today, most of the 16-bit CPU based 
systems that use 8-bit peripherals usually use just the lower 
half of the data bus to transfer data to and from the peripheral. 
However, this scheme does not work when interfacing 16-bit 
peripherals to 8-bit CPUs, especially when these peripherals 
have bus master capability. 


Data Funnelling 


When a 16-bit peripheral attempts to transfer data over an 8-bit 
bus (memory write cycle or slave read cycle), the 16-bit data 
bus has to be broken down into two bytes and transferred 
sequentially. First, the lower 8-bits are transferred out on the 
bus (Figure 3-107.a), and then in the next transfer cycle the 
upper 8-bits of the 16-bit word are sent out (Figure 3-107.b). 
The generalized bus timing for such an operation is shown in 
Figure 3-107.c. Figures 3-108.a, 3-108.b, and 3-108.c show 
the opposite case; a bus read operation from an 8-bit bus toa 
16-bit peripheral. Here, the first byte read from the system 
must be latched. Once the second byte has been fetched, the 
16-bit peripheral reads in the assembled 16-bit (2-byte) word. 
Additionally, provisions may need to be made for the case 
when the 16-bit peripheral accesses single bytes. 


Interruptions of the two cycle transfer must be analyzed very 
carefully. Master transfers may not be interrupted by slave 
accesses while being in the middie of a two-cycle transaction. 
Similar, slave accesses may not be interrupted by master 
transfers. While the interface funnels the data, the current bus 
cycle needs to be stretched. When the peripheral is bus mas- 
ter, as shown in Figures 3-107.a, 3-107.b, and 3-107.c, the 
16-bit peripheral is holding its data available for what would 
normally be two complete bus transfer cycles. This stretch can 
be achieved by delaying the transfer acknowledge signal to the 
peripheral, causing it to wait (WAIT asserted). 





In slave mode, the 8-bit CPU would have to make two con- 
secutive read operations to examine a 16-bit peripheral status 
register. The peripheral must not become bus master in- 
between the first and second read operations since this in- 
validates the results of the first read operation. This function 
can be handled in two different ways: if the CPU has a bus lock 
instruction (for example, like the iAPX family of CPUs), then the 
programmer uses one of these before the CPU accesses the 
peripheral. Alternately, the CPU can disable the arbitration 
logic while it is performing the critical uninterruptible slave 
transfer. 
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Figure 3-107. Bus Master Write or Slave Read Operation 
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Developing the Control and Data Transfer Interface 


Designing the control interface to allow mixing 8- and 16-bit 
peripherals requires an analysis of the data and control flow. 
The data flow automatically defines the data path design (see 
Figures 3-107 and 3-108). The bus master operation by the 
peripheral is relatively straightforward. During a write opera- 
tion, the data is written out sequentially: the lower byte first and 
then the upper byte (or vice-versa). During a read operation, 
the data is fetched sequentially. The byte fetched first is 
latched, to hold the data until the peripheral can read it. In the 
second byte read cycle, the remaining byte is fetched, the 
16-bit word is assembled from the two bytes, and the 16-bit 










16 BIT 


a) DEVICE 






16 BIT 


b) 
DEVICE 


word is loaded into the peripheral. Similarly, WAIT is asserted 
until the second byte read cycle can be terminated. 


The slave mode of operation works almost identically to the 
peripheral bus master mode. The master read cycle is similar 
to the slave write cycle, and the master write cycle is similar to 
the slave read cycle. In general, if the peripheral puts data on 
the narrower system bus, the peripheral can keep the data 
active in both sequential system bus cycles. On the other hand, 
if data is loaded into the peripheral, the interface logic has to 
latch the data of the first fetch cycle, whereas the data of the 
second cycle can be loaded directly into the peripheral (no 
latching required). 
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Figure 3-108. Bus Master Read or Slave Write Operation 


02188A-46 


3-139 





When defining the interface, the designer must make a con- 
scious choice of which byte (upper or lower) to latch during 
peripheral read operations (or conversely, slave peripheral 
write operations). Once this decision has been made, the CPU 
must always access the latched data byte first (during a slave 
write) and then access the non-latched byte to complete the 
transfer. This restriction is a minor one with no extra software 


overhead; yet it could affect the ease of the programmer's — 


coding if not handled properly. For example, if the programmer 
uses a compiler to generate the software for the system, extra 
care may be necessary to ensure that the compiler generates 
the correct addressing sequence. An alternative to this solution 
would be to latch both the upper and lower data bytes. In that 
case, the cost of the interface would be increased, as would 
the complexity, with no gain in performance. 


The state diagram (Figure 3-109) illustrates the contro! se- 
quence implemented in the 8/16-bit bus control logic. It also 
depicts how uninterrupted word transfers will occur and how 
the addresses for upper and lower bytes are generated. In 


addition, the specific bus timing of the peripheral and the data 
bus must be examined to quantify the state control flow and 
provide information on data latching, read/write control 
strobes, and addressing to and from the peripheral. The state 
control flow is broken down into three parts bus master read, 

slave read, and slave write operations. - : 


The three control signals that must be generated by the 8/16- . 
bit control unit are: Address bit 0 (Ag), peripheral hold (WAIT), 
and bus read (RD). The Ao line is generated by the control 
logic to indicate which byte is to be transferred in bus master 
modes only. Otherwise, the Ag generated by the system is 
used to indicate which byte is being accessed. The WAIT line 
holds up the peripheral during transfers. The RD line is re- 
quired to indicate successive transfer cycles on the bus. The 
peripheral’s control signals strobe active only once, because 
the two-cycle transfer must be kept hidden from the peripheral. 








The slave transfer flow is almost identical, except that the CPU 
is generating the bus signals and the transfer directions are 
reversed, that is, a bus write goes into the peripheral. 





AS=1+ 
CS=1+ 
MRDY=1 . 





AS=0 * RW=1* MRDY=0 


Ome MRDY =0 


MRDY=1 


fC) more 


MRDY =0 


)wrov=c 


MRDY = 1 


COMMENTS 


WAIT TILL PERIPHERAL TAKES BUS; 
MAKE SURE MEMORY ACKNOWLEDGE IS 
NOT ASSERTED. 


READ IN UPPER BYTE; Ap=1; 
WAIT FOR MEMORY ACKNOWLEDGE; 
ISSUE RD STROBE. 


WAIT FOR MEMORY ACKNOWLEDGE 
TO GO AWAY. 


READ IN THE LOWER BYTE; Ap=0; 
WAIT FOR MEMORY ACKNOWLEDGE; 
ISSUE RD STROBE. 


STROBE IN DATA TO PERIPHERAL; 
DEASSERT WAIT; 
WAIT FOR SUCCESSFUL READ. 
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Figure 3-109. Bus Master Read State Flow-Control 
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The conceptual logic for the 16- to 8-bit data flow example is 
shown in Figure 3-110. The data on the upper byte is latched 
when data is being read (as a bus master) and read or written 
(as a bus slave). Although this interface must latch data com- 
ing from the 8-bit data bus into the peripheral, it also needs to 
act as transceiver when the peripheral is sending data out to 
the system. The ideal part to accomplish such an interface 
would be one that has a three-stated output, with an 8-bit wide 
latch, in one direction and a three-stated driver in the other 
direction. The Am2952 8-bit bidirectional I/O port combines the 
upper data bus latch and upper data driver chips into one IC. It 
provides two 8-bit clocked 1/O ports, each with three-state out- 
put controls and individual clocks and clock enables. An 
Am2949 bidirectional bus transceiver completes the logic re- 
quired to buffer the data path. 





STATE 
MACHINE 


CONTROL 


The state flow control requires logic capable of sequentially 
moving from state to state, holding in a particular state, and 
being reset or initialized back to a predefined state. This design 
integrates the state machine generator and the control signal 
logic into the same Programmable Array Logic (PAL) device. 


A considerable amount of logic is required to generate the 
data-path flow logic and the bus control signals. This is espe- 
cially true if the peripherals and CPUs have different signal 
conventions (for example, AS, DS, and R/W versus ALE, RD, 
and WR). Conversion between different signal conventions, 
signal polarity changes, and extra functions (such as generat- 
ing Ao) requires quite a bit of logic and design effort. If the 
peripheral has bus master capability, additional information, 
such as bus arbitration controls, must be fed into the next state 
determination logic to decide what control sequence to follow. 
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Figure 3-110. Conceptual 16/8-Bit Conversion Logic 
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Figure 3-111 shows a typical 8/16-bit control interface which 
combines all the individual components discussed above. The 
state machine and the bus and latch controls have to be tightly 
coupled in order to transfer data between the 8-bit and 16-bit 
buses. The generalized machine is designed under the as- 
sumption that the peripheral has bus master capability. If this is 
not the case, the design can be greatly simplified. 


Since the CRTC does not modify system memory, no provision 
for a bus master write operation is required. This is important 
because it eliminates the need to generate a system write 
control signal (WR). In addition, the control and display infor 
mation will always be aligned on word boundaries. This 
relieves the 8/16-bit control logic from worrying about funneling 
the bytes and performing odd/even byte transfers. It also saves 
control inputs from the Am8052 because all transfers are 
words; there is no need for upper and lower data strobes or 
byte high enable inputs/outputs. 


The slave accesses by the CPU are either pointer writes (to 
select the desired control/status register) or 16-bit data 
read/write operations. The pointer write operation is really an 
8-bit operation because only the lower 8 bits of the data form 
the register address. The three different transfer timings are 
shown in Figures 3-112, 3-113, and 3-114. 


Two special conditions have been incorporated into the state 
flow diagrams whenever a transfer is first initiated. Before a 
new transfer cycle is attempted (that is, while the state ma- 
chine is waiting in SO), the memory acknowledge must be 
inactive. This prevents any interference from the last transfer. 
The second special condition occurs when the Am8052 
asserts the R/W line to indicate a write operation. Whenever — 
the Am8052 » updates the upper 8 bits of the 24-bit address 
latch, the R/W line indicates a write operation (in conjunction 
with AS). The Am8052 is not actually performing a system data 
write, only an address latch update. Hence, the state flow 
reflects this fact by not starting a sequence if the R/W line is 
active Low from the Am8052. 
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Figure 3-111. Data Funnel Logic 
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Figure 3-112. Bus Master Read Timing Diagram 
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Figure 3-113. Slave Read Timing Diagram 
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Figure 3-114. Slave Write Timing Diagram 


These simplifications make it possible to combine the Am8052 
to an 8-bit CPU control interface in a single AmPAL22V10 
device (Figure 3-115) which also converts the bus control 
signals from AS, DS, and R/W to RD and WR. Figure 3-115 
shows the assembled control and data transfer logic for this 
interface. The minimum Am8052 and bus control signals that 
have to be generated are RD, Ao, DS, R/W. Although DS and 
R/W are used as inputs during a bus master operation by the 
Am8052, the AmPAL22V10 must convert the CPU RD and WR 
signals to DS and R/W for slave I/O operations. The signals Ao 
and RD are generated by the control logic when the Am8052 is 
performing a read access to the system. The WAIT (or not 
READY) signal to the Am8052 also needs to be generated by 
the control logic. Additionally, the four control signals of the 
bidirectional port and transceiver are generated. 





Trade-Offs and Limitations 


In a design dramatically. affecting the I/O of the system, a 
number of trade-offs and limitations should be noted. The most 
obvious limitation in using 16-bit peripherals on an 8-bit bus is 
that the 16-bit peripheral will be underutilized. The speed of ail 
/O operations will be cut by 50%. Consequently, the bus 
utilization percentage will go up if the 16-bit peripheral 
represents a significant factor of the bus usage. A CRT control- 
ler like the Am8052 might use 5% to 10% of the bus bandwidth 
for display information when using 16-bit /O. Converting to 
8-bit 1/O would double bus usage to 10% or 20%. 
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Figure 3-115. Am8052 8-Bit Interface 


Another factor that might affect the bus usage is the efficiency 
of the 8- to 16-bit conversion control logic. If the state machine 
designed to perform the.8/16-bit conversion (or 16/32-bit) is 
improperly designed, then extra transfer overhead may be in- 
troduced. This could mean that a sequential transfer of two 8- 
bit values takes longer than two single 16-bit transfers. The 
system designer must weight the cost of the extra overhead on 
a case-by-case basis. Most interfaces outside a system's im- 
mediate family require some kind of extra interface logic 
anyway. Therefore, by optimizing the control signals and incor- 
porating them into programmable logic devices such as the 
AmPAL22V10, the IC count can be dramatically reduced. 


8088 and AmZ8068 Data Ciphering 
Processor Interface Ss | 


Figure 3-116 shows the CPU-DMA interface. The CPU is op- 


erating in Maximum Mode. The bus arbitration handshake of 
the DMA controller (HREQ and HACK) must be translated into 


‘the Bus Request/Grant handshake of the 8088 CPU. _ 


lf the CPU is programmed to operate in Minimum Mode, both 


devices have the same bus arbitration handshake. The HREQ 


and HACK of the DMA controller can be connected directly to 
the corresponding pins of the CPU (HREQ to HACK). . 
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The central part of this interface is a PAL device, which has 
been programmed for the 8088 CPU timing. The PAL equation 
for this interface is shown in Figure 3-121. The Chip Select 2 
(CS2) input of the PAL device must be stable during the 
entire I/O transfer. This is guaranteed by decoding CSo from 
the latched address/data bus of the 8088 (Ag-Ay5 in Figure 


Master Port Read/Write is latched in the D Flip-Flop. It is 
clocked in an output operation with CS3 active. One of the data 
lines is latched in to define the status on the MR/W input. This 
is necessary because the DCP requires a set-up time of 100 ns 
of MR/W to the Data Strobe. Generation of MR/W for each 
cycle of a high-speed data transfer session of the DMA control- 


3-116). 


ler would extend each cycle and slow down the maximum 
throughput. This logic cannot be integrated into the PAL device 
because of the flip-flop’s asynchronous clock. 
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Figure 3-116. 8088-Am9517-AmZ8068 Interface 
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Before executing an access to the DCP, the CPU must latch 
the MR/W. The transfer itself is evaluated in a two-cycle opera- 
tion. . 6 I ee 

Master Port Address Strobe (MAS) is only generated if the CPU 


executes an output instruction to a specific /O address (CSo 
active, Ag=Low) (Figure 3-117) Address Latch Enable of the 


CPU (ALE) cannot be used for the generation of MAS because | 


the CPU must set up the DCP for data transfer before a DMA 
transfer session is started. The DCP is set up by putting out a 
00}, (data register address) to the I/O address mentioned 
above. ; x 


Figures 3-118 and 3-119 show data read and write cycles. 
Figure 3-120 shows DMA data read and write cycles. 
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Figure 3-117. Address Latch Cycle Timing (CPU-DCP) 
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Figure 3-118. Data Write Cycle Timing (CPU-DCP) 


3-149 








ADDRESS 


VALID 


ALE 


DMA CLK, 
DCP CLK 


R/W 


» 





READY | UN 


02188A-57 


Figure 3-119. Data Read Cycle Timing 
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Figure 3-120. DMA-DCP Timing Diagram 
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PAL16R4 | | PAL DESIGN SPECIFICATION 


DCP049 - JUERGEN STELBRINK 8-12-83 
8088~- AM9517(DMA)- AMZ8068(DCP) INTERFACE DEVICE 
ADVANCED MICRO DEVICES c 


CLK1 CLK2 /CS /IOR /IOW AO RW /DACK NC GND 


JOE  /MDS READY /Ql /Q2 /Q3 /MAS NC CLK. vcc 
MAS := IOW*/IOR*CS*/A0*/Q3*/MAS =; MASTER PORT ADDRESS STROBE 
Ql s= CS*IOR*/IOW*RW*/Q2 = + 


CS*IOW*/IOR*/RW*/Q3 + 
DACK*IOR*/IOW*RW*/Q2 + 
DACK* IOW*/IOR*/RW*/Q3 


t 


— CS*IOR*/TOW*XRW*Q2 + 
/ DACK*IOR*/IOW*RW*Q] + 
_ DACK* IOR*/TOW*RW*Q2 


+Q2 = CS*IOR*/IOW*RW*Q1 + 
if 
4 


Q3 := CS*IOW*/IOR*/RW*Q] 
CS*IOW*/IOR*/RW*Q2 
DACK* LOW*/IOR*/RW*Q1 
DACK* IOW*/IOR*/RW*Q2 


+++ 


MDS = CS*A0*IOR*/IOW*RW 


+ MASTER PORT READ 
DACK*IOR*/ IOW*RW + 
+ 
+ 


=e 


Q2*A0 
CS*AO*IOW*/IOR*/RW*/Q3 
DACK* IOW*/IOR*/RW*/Q3 


=e 


MASTER PORT WRITE 


/READY = CS*/AO0*IOW*/IOR*/RW*/Q3+ 
CS*AO*IOW*/IOR*/RW*/Q3 + 
CS*AO*IOR*/ LOW*RW*/Q2 


ADDRESS LATCH CYCLE 
DATA WRITE CYCLE 


~e ™e 


/CLK = CLK2 DCP CLOCK 


=e 


FUNCTION TABLE 


CLK1 CLK2 /CS /IOR /IOW /DACK AO. RW CLK. /MAS /MDS READY /Q1 /Q2 /Q3 


; / R 
71 xc i ff *D J J.8 
Po hf ER | M M A J / 
;K K C 0 0 CAR L ADD QQ Q | 
; 1 2 8S R W K OW KS S$ Y 1 °2 3 COMMENT 
; CLOCK GENERATION | 
i. Xe ok OK ee H X X X X X X 
XxX H X X X X xX X L xX x xX X X X 
; ADDRESS LATCH | | 
c X H H H H L L X H H H H H H_~ ; CPU 
0 Oe Ee A Es OB Sa 2 X H H L H H H 


Figure 3-121. Source Listing for 8088 to Z8068 DCP Interface 
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c X L H L H UL BL Xx L H L L H H 

Cc xX L H L H L BL X H H H L H L 

C X H H H H L IL X H H H H H H 
; READ DATA 

X X H H H H H H X H H H H H H , CPU 

Xx X L L H H H H X H L LH H H 

Cc X L L H H H H X H L L L H A 

Cc X L L H H H H X H L H L L Hi 

c X L L H H H H X H L H H L H 

C X H H H H H H X H H H H H H 

X X H L H L X H X H L H H H H ; CYCLE S3 (DMA) 

C X H L H L X H X H L H L H H 

Cc X H L H L X HB X H L H L L H ; CYCLE S4 

C X H H H H X H X H H H H H HA 7 CYCLE S2 
; WRITE DATA 

Xx X L H L H H L X H L L H H H ; CPU 

Cc X L H L H H IL X H L LL H #H 

Cc X L H L H HA L X H H H L H L 

C X H H H H FH iL X H H H H H HA 

X X H H L L H IL X H L H H H HAH ; CYCLE S3 (DMA) 

Cc X H H L L FH LIL X H L H L H H 

C X H H L L AH L X H H H L H IL ; CYCLE S4 

C X H H H H FH L X H H H H H H ; CYCLE S2 
; INVALID CYCLES 

Xx X L L L H H H X H H H H H H 

Xx X L L H H XH L X H H H H H H 

Xx X L H L H H H X H H H H H H 
DESCRIPTION: 


THIS PAL GENERATES ALL NECESSARY BUS CONTROL SIGNALS, TO 
INTERFACE A 8088 CPU AND A AM9517 DMA CONTROLLER TO THE AMZ8068 
DATA CIPHERING PROCESSOR. THE MAXIMUM SYSTEM CLOCK FOR THE DMA 
CONTROLLER AND THE DCP IS 4 MHZ, THE SYSTEM CLOCK OF THE CPU CAN 
BE UP TO 8 MHZ. THE DEVICES ARE WORKING ASYNCHRONOUSLY. 


INPUT SIGNALS: 


CLK1, DMA CLOCK 
CLK2 
/CS CHIP SELECT FOR THE DCP, GENERATED BY A DECODER LOGIC 


/IOR INPUT/ OUTPUT READ - 

/ LOW INPUT/ OUTPUT WRITE 

AO LEAST SIGNIFICANT BIT OF THE Z80 ADDRESS BUS TO SELECT 
THE TYPE OF OPERATION: 
AO = LOW SELECT DCP REGISTER FOR NEXT DATA CYCLES 


(ADDRESS LATCH) 
AO = HIGH READ OR WRITE INTERNAL REGISTER 


Figure 3-121. Source Listing for 8088 to 28068 DCP interface (Continued) 
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/ DACK 


RW 


(DATA TRANSFER TO CONTROL, MODE, INPUT OR 
OUTPUT REGISTER) 
DMA ACKNOWLEDGE FROM DMA CONTROLLER, TREATED AS /CS= LOW 
AND AO=HIGH 


READ/ WRITE SIGNAL STORED IN A EXTERNAL LATCH, TO ALLOW 
A DMA OPERATION WITHOUT WAIT STATES. THIS SOLVES THE » 
PROBLEM OF THE SETUP TIME OF MR/W OF THE MASTER PORT TO 
MDS GOING ACTIVE. THE STATUS OF THIS SIGNAL MUST AGREE 
WITH /IOR OR /IOW OR THE PAL GENERATES NO STROBES. — 


OUTPUT SIGNALS: 


CLK 


/MAS' 


/MDS 


/Ql, 
/Q2, 
/Q3 


INVERTED DMA CLOCK FOR THE DCP 


MASTER PORT ADDRESS LATCH ENABLE, ACTIVE DURING ADDRESS 
LATCH CYCLES TO LATCH THE REGISTER ADDRESS ON MP1 AND MP2 
(2 LINES OF THE MASTER PORT BUS) AND THE STATE OF /MCS 
IN. THE DCP STORES INTERNALLY THE ADDRESS AND CHIP SELECT 
TO THE NEXT ADDRESS LATCH CYCLE 


MASTER PORT DATA STROBE, TO TIME DCP DATA TRANSFERS 


INTERNAL USED STATE SIGNALS (DO NOT CONNECT). Q1 IS ACTIVE 2 
CLOCK CYCLES IN ALL CYCLES. IT IS USED TO GENERATE THE DELAYED 
Q2 AND Q3. Q2 IS ACTIVE IN A DATA READ CYCLE. IT ALLOWS /MDS 
TO BE ACTIVE UNTIL /IOR HAS GONE INACTIVE. Q3 IS ACTIVE IN AN 
ADDRESS LATCH OR DATA WRITE CYCLE. Q3 DISABLES READY AND /MDS 
IN THE SECOND HALF OF THE CYCLE. 


Figure 3-121. Source Listing for 8088 to Z8068 DCP Interface (Continued) 
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8088 to Am9516 UDC interface 


Figure 3-122 shows the Data bus and Control Interface be- 
tween an 8088 microprocessor and an Am9516. This interface 
is accomplished by using an AmPAL22V10, a 74LS161 
counter, an Am2952 bidirectional 1/O port, and an Am2949 
bidirectional transceiver. Figures 3-123 and 3-124 show the 
PAL device timing for both the Bus Master and the Bus Slave 
cases. 


In this design, certain simplifying constraints have been made. 
Word operations are only allowed during command chaining 
operations when the Am9516 is Bus Master. During Slave 
Write operations, the first byte output to the Am9516 must have 
an odd address, and the following second byte an even ad- 
dress. Conversely, during a Slave Read cycle, the first byte 
read from the Am9515 must be at an even address and the 
second at the next higher odd address. Furthermore, for both 


RESET 





ADo-AD7 






IRD 
IWR 
READY 
RESET 


So S1 S2 


slave and master operations, the system must use the latched 
Ao (LAo) from the AmPAL22V10 as its sole Ao. That is, this 
LAo must circumvent any address latching to memory and so 
is to be used directly. 


As can be seen from the figures, the AmPAL22V10 manip- 
ulates the control signals to the transceivers and latches so 
that bytes can be funneled into words during Am9516 Com- 
mand Chaining operations and Slave Writes, and words can be 
funneled into bytes during Am9516 Slave Reads. Also, LAO is 
alternately toggled in order to provide the dual address (16- 
bits) during chaining operations. 


Figure 3-125 shows the PLPL equations and resulting sum-of- 
products equations for the design (PLPL is a higher level “C- 
like” language for PAL devices). For those not familiar with “C” 
or Pascal, the intermediate sum-of-products form shows the 
equations in Boolean form. 





ALE HLDA 


IBW 
IDS 
AmPAL 
22V10 —siwait 
_8088 __9516 



























‘A/B/C /D 
Qa Qs Qc 
74LS161 
Qp 
CLOCK J | | 


CLEAR 
P T LOAD 


02188A-60 


Figure 3-122. The Am9516 UDC to 8088 CPU Data Bus and Control Interface 
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ALE 
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02188A-61 
Figure 3-123. The Am9516 UDC to 8088 CPU Bus Slave Timing 
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02188A-62 
Figure 3-124. The Am9516 UDC to 8088 CPU Bus Master Timing. 
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DEVICE 8088 9516 (pal22v10) 


"This is a PLPL file to implement an interface between the 8-bit 
8088 and the 16-bit Am9516. This design assumes that the Am9516 
is programmed for byte operations and so only accesses 16-bit 


words during chaining. -James Williamson" 
PIN 
CK =<) /RD = 23 
S(0:2] = 2:4 /WR = 22 
AO = 5 LAO = 2) 
/SEL = 6 /DS = 20 
ALE = 7 /RW = 19 
HLDA = 8 /WAIT = 18 
/ BW = 9 /A = 17 
READY = 10 /B = 16 
RESET = 11 EC = 15 
/D = 14; 


IF (RESET) THEN ARESET(); 


Se eS NY TT OT ED SR RR ee Se Se ee Se ee SS ee ee ee A OT A a a a A A Sa ee SS Se SM cee aoe coe comet ome cot Sant el OD ew Co OE me met a 


 enenieenrdicatwalincanntaensnd rqmadpemadimamdfantentbemeadbeyeslinansdiptatenautmeantiannatamdiernathaavedhanndipemardieavertpeeedl seal aanateenerd ened ned nerethenazedfeaeetpeceadlonaetipeadbanneett att eel aenelianancth erat eel weal nanel eee Aree naandieenene Re el rel al eel eed eel renal ed 
Se SS Se NE Gee OREN SED OE EE SUN AES OE OE EE SS SE UNE EE ED NE SD one ee ee CS ee A ee ee SS SS a eS ED SN ED SO SM SE RE a Ne SR A OS TS ey a Mee 


IF (HLDA) THEN ENABLE(); 
IF (/S[2] * HLDA) THEN BEGIN 
IF (/Sf1] * /S[0]) THEN | 
LAO = /CK * BW + /BW * AO * ALE + 
/BW * LAO * /ALE ; 





ELSE 
LAO = BW + /BW * AO * ALE + 
/BW * LAO * /ALE ; 


END; 
IF (HLDA) THEN 
CASE (S[2:0]) 


BEGIN 

1) BEGIN 
RD = /RW * DS ; 
A = /BW * /RW * /CK : 
WR = /BW * RW * DS ; 
c = /BW * RW ; 
WAIT = l : 

END; 

2) BEGIN 
RD = /RW * DS ; 
B = BW . 
A = /BW * /RW ; 
WR = /BW * RW * DS : 
Cc = /BW * RW ; 
WAIT = BW ; 

END; 


Figure 3-125. PLPL Specification for 8088 to Am9516 Interface 
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3) BEGIN 


RD = /RW * DS * B 
B = BW * CK 
A = /BW * RD 
WR = /BW * RW * DS 
Cc = /BW * RW | 
WAIT = BW 

END; 

5) BEGIN 
RD = /RW * DS 
A = /BW * /CK 
WAIT = BW 

END; 

6) BEGIN 
RD = /RW * DS 
A = BW 

END; 

7) BEGIN 
RD = /RW * DS 
A = /RD 

END; 


eee fenendhsetbacendhseadfecsdlt-corediesuncipenuralpernetaerandimanctpenadpreard a 
ee nn ee ee en ee en ee ee es ae ee ae ce ree eee Sen eee cere temee mee ee eens am SO ee Se ce ee CE SY nee aoe cere One cme come Sa eae Sete atone NEEL OOS Gen ee 


END. 


END; 


ene See eee ewes cae eee IED, EDD means eR CERES GEES GOED ERED GND WORD SEES GOED SERED SUES GENE eaeW SEED END GUD een END ee SOND OUR GED enum woe auee ene een ins Sues ede qeeee Ome ee Sone oe ee Se ee ee 


games semen Ee Gute tases SOE SEES AND SNE ENED SD CORED SD GOEED GEES ORD SOUND ee SORRY SET SAE NS GES SON SUS CRIES SUNN Guee cant Ghee Sint Seen ete auae aint auew tame cme cane sens chew ey Seer SEND Soue wus Gen? aus mee me See 


mae SD eee GUNS Mame aE emer OTE Owe women comes 
en eo en ee ee a es ee ee See are eee See Se ee Sere Ste em See ee a ee ee ee Se em Ot Sere cane comm omen nin SND —muee amtew eam cnaen tua aes 


AO * ALE * SEL + 
LAO * /ALE * SEL 
LAO * WR * SEL 
/LAO * WR * SEL 
A + 

/LAO * RD * SEL 
/LAO * RD * SEL 
LAO * RD * SEL 


Figure 3-125. PLPL Specification for 8088 to Am9516 Interface (Continued) 
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Am7970A CEP Interface to the 80188 CPU 


This application note shows how to use the 
Am7970A CEP in a low-cost environment. The 8- 
bit data interface of the CEP to the 8-Bit 80188 
microprocessor is simple. lt reduces the number of 
additional drivers, latches and control logic to an 
absolute minimum. The 80188 also provides an 
interrupt controller and a chip select decoder. No 
additional parts are necessary to access and 
control the Am7970A CEP. 


General Discussion 


This example assumes a single board approach 
with an onboard memory bank which may vary from 
64 kbytes to 1 Mbyte. By adding drivers to the 
control signals and to the address lines A8-A15 it 
could easily be expanded into a bus controlled 
system. One Mbyte of memory is sufficient for 
storing the image data of one page with a 
resolution of 300 pixels per inch. This allows the 
CEP to compress or expand such a picture without 
interruption and with a minimum of software 
overhead. A smaller memory bank might be 
chosen for cost reasons. 


This design does not use the faster document 
buffer interface of the CEP. Both the image data 
and the compressed data are passed through the 
system interface. Therefore, bus arbitration is 
incurred for every single transferred byte limiting 
the use of this example to low throughput 
applications. 


It is definitely sufficient for FAX applications and 
may even serve very well for image storage 
applications where speed is not the most important 
factor. In these cases a memory bank of 64 to 128 
kbytes is sufficient because the CEP is capable of 
processing fractions of a whole page without 
producing inconsistencies in the coded image 
data. 
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An additional memory bank connected to the 
document buffer interface will improve the overall 
throughput of the compression or expansion by a 
factor of four. This buffer should be used only to 
store the image data because it requires a data rate 
approximately 10 times higher than the 
compressed data. 


Hardware Description 


Figure 3-126 is a diagram of the Am7970A CEP to 
80188 CPU interface. It shows how the address 
and data lines of the CPU and the CEP are 
transformed into a common demultiplexed memory 
bus. Additional peripheral devices could either be 
located on this memory bus or be connected 
directly to the CPU interface. 


The Am7970A CEP multiplexes the data on the 
address lines A16-A23 while the CPU multiplexes 
data on the address lines AO-A7. These are the 
only differences between the two interfaces. All 
control signals can be used without conversion. 


The 80188 CPU provides a 50% duty cycle clock 
output which can be used to drive the CEP. If the 
CPU runs on a higher clock rate, the CEP has to be 
driven by either an additional clock generator or a 
CPU clock that has been divided down. This may 
be very useful because the CEP needs only three 
clock cycles for a memory access while the 80188 
needs four cycles. Running the CEP with a slower 
clockrate than the CPU does not necessarily result 
in slower memory access. 


The READY signal coming from the memory 
interface must meet the setup time of the CEP 
READY input. For Revision A of the Am7970, a 
wait state must also be inserted for each memory 
access from the CEP. Figure 3-127 shows the logic 
to be added to the design above. 









TO MEMORY BANK 













X1 X2 
ARDY 
CLKOUT 
RESET 
HOLD 
HLDA 
AD 
Wa 
ALE 
G 
ADDRESS 
ADO0-AD7 LATCH 
EN 
AB-A15 [ _ 
80188 8 : 
Am7970A 
CPU | 8 CEP 
| : | 2 
ADDRESS ADDRESS 
AD16-A23 marae wear BprES AD16-AD23 
—t | li 
ALE 
PCSO 
INTO 


Figure 3-126. Am7970A CEP to 80188 CPU Interface 07666A 5-4 
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07666A 5-5 





Operation 


80188 CPU Access to the Am7970A CEP 


The CEP has many registers which provide 
programmability of many different options such as 
paper size, memory address control, and status 
information. Access to these registers is started by 
driving the CS signal LOW. This input is driven by 
the Peripheral Chip Select Output of the 807188. 
This signal also disables the data transceiver to the 
memory bus. The different registers are 
addressed by the address lines AQ-A7 which are 
directly connected to the CEP. The CEP drives 
READY LOW as long as it needs to move the data 
to or from the appropriate register. This operation 
is called “slave access”. 


Am7970A CEP Access to the Memory 


As soon as the CEP is started, it activates its 


internal DMA device to gain control of the memory 
buffer. It signals this to the CPU by driving HRQ 
HIGH. It then waits until HLDA is driven HIGH by 
the CPU to acknowledge that the bus is released. 
The CEP then starts a memory access. HLDA also 
enables the address latch for the CEP and disable 
the ones for the CPU. The CEP releases the bus 
after each byte transfer. This operation is called 
“master access”. 


The data transceiver is activated all the time except 
during a slave access. It normally drives data onto 
the memory bus. Only when RD goes LOW and 
CS is not active, the direction of the data 
transceiver is switched to the opposite direction. 
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Am7979A CEP Evaluation Board 


Features 


e Interface for IBM PC/XT or IBM AT on the same 
board. 

e Automatic recognition of PC or AT enviroment. 

e Full master mode capability in IBM AT using AT 

memory for system bus access. 

1 MByte dynamic memory on board. 

Dualport arbitration allows memory access from 

CEP system and document side. 

e PC/XT has full access into the on board memory 
addressing it as 16 64 kbyte blocks in page 
mode. 

e Ail operating modes of CEP can be evaluated 
with maximum performance. 

e CEP hardware reset initiated by 1/O address 
access. 

e Clock rate supplied by plug in exchangable clock 
generators or from an external input. 

e Alll/O adresses are memory mapped. 

e Jumper selectable DRQ/DACK and IRQ lines. 

« Performs master access to AT memory 


The CEP Evaluation Board in An IBM PC/XT 


The IBM PC/XT does not ailow another DMA 
master beside its own on-board DMA device 
working on the extension bus. Any attempt do so 
without changing the logic on the mother board will 
cause serious bus contention. That requires a 
separate memory bank dedicated to the CEP and 
accessible by the IBM PC/XT. 





It is also quite useful to have enough memory 
dedicated to the document bus to hold a whole 
page of image data with a resolution of 300 
Pixel/inch in memory. The evaluation board solves 
this problem by giving both sides of the CEP full 
access to a 1 Mbyte dynamic memory bank. That 
gives the user the freedom to asign as much 
memory to any side of the CEP as neccessary. 


The on-board “system bus” is shared by the CEP 
system interface and the CPU. So that makes it a 
three port memory design. 


Normally the “system bus” is dedicated to the CEP 
system interface. if the CPU wants to access the 
evaluation board through this bus from the 
extension bus it drives “SBUSRQ” LOW by 
accessing an I/O address. The CPU is then kept 
waiting by the logic with “IOCHRDY” until the CEP 
releases “HRQ”. Then “HLDA” is driven LOW by 
the interface logic to prevent the CEP from 
reaccessing the bus. 


As long as “SBUSRQ’” is LOW, the CPU has free 
access to the system bus. The document bus side 
is kept in Wait state while “SBUSRQ’ is active. 


“SBUSRQ” is latched and must be reset by 
another I/O access to a different address after 
completion of the read and write cycles onto the 
evaluation board. The CPU accesses the CEP 
registers by driving “CEPRQ”, it accesses the 
memory bank by driving “MEMRQ” and accesses 
the page latch by driving “PAGE” LOW through 
different 1/O addresses. 


Since the IBM PC/XT I/O address layout does not 
support enough consecutive I/O addresses, all 
CEP I/O addresses are memory mapped in this 
design. 


While the CEP is compressing or expanding a 
document, the CPU either polls the status register 
of the CEP or waits for an interrupt caused by the 
completion or an exception of the process. 


The CEP Evaluation Board In An IBM AT 


The IBM PC/XT extension bus connector is fully 
compatible with the new IBM AT connector. The 
AT introduces an additional connector to provide 
the extra signals needed for the increased memory 
size and the 16-bit data format. The AT also offers 
a fully compatible PC/XT mode. Thus all functions 
of the evaluation board designed for the IBM 
PC/XT will also work on the AT without any change 
in software and hardware. 


In addition the evaluation board wants to make use 
of the master mode capability offered by the AT 
extension bus. To do so it uses the signals of the 


- added connector to perform a proper bus 


arbitration on the extension bus. A ground pin on 
that connector will tell the board that it is 
connected to the AT. 


For slave mode, everything said in the previous 

chapter will work the same except that there is now 

no need for driving the “SBUSRQ” signal before 

accessing the board because the system bus is 

automatically released by the CEP due to the bus © 
arbitration. The access of the AT onto the 

evaluation board is still in 8-bit PC/XT compatible 
mode. 


In master mode the system interface of the CEP 
will no longer access the on-board memory but will 
place its address and data signals onto the AT 
extension bus giving free access to all the memory 
that is provided by the IBM AT. The bytes coming 
out of and going into the CEP have to be divided 
into the upper and lower data bus of the AT 
according to the address being even or uneven. 


Figure 3-128 is a system map of the Evaluation 
Board. Figure 3-129 is a block diagram. The PAL 
device equations are shown in Figure 3-130. 
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Figure 3-128. Evaluation Board System Memory Map 
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Figure 3-129.a CEP Evaluation Board Interface for IBM PC/XT and AT (Part 1) +5V 5 MHZ 
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Figure 3-129.b CEP Evaluation Board Interface for IBM PC/XT and AT (Part 2) 
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PARTNO NONE; 

NAME EVBPAL1; 

DATE 11-6-85; 

REV Nee 

DESIGNER Wolfgang Kemmler; 
COMPANY Advanced Micro Devices; 
ASSEMBLY CEP Evaluation Board; 
LOCATION U61; 


/* Pal Assembler: CUPL (Assisted Technology) */ 


JR I IR OR I II TO IRR IRR IO III I aOR kk ee kok tok kk ke | 


/* 
/* 
/* 
/* 


* / 
Address Decoder for * / 
Am7970 CEP Evaluation Board * / 
*/ 


[i ke Hee ke keke ke eke kai Ok ek ee kkk ke tek kkk dk ke kk tek kkk i kek kk ke f 


/* Target Device Type 


/* Declarations 


FIELD 
FIELD 
FIELD 


/* Outputs 
PIN 19 = !PAGE; 
PIN 17 = !CEPROQ; 
PIN 16 = !SBUSRQ; 
PIN 15 = !ADDR; 
PIN 14 = RSOUT; 
PIN 12 = !MEMROQ; 
_ f* Inputs 
PIN {1. 
PIN [8..9] = [SO..1 
PIN 10 = GND; 
PIN 11 = !SMEMW 
PIN 13 = RSIN ; 
PIN 18 = BALE; 
PIN 20 = VCC; 


/* 
/* 
/* 
/* 
/* 
/* 


13 


. 
v 


PALI6L8 */ 
y/: 


Latch enable foe Page Latch */ 

CEP Chip Select */ 

On Board System Bus Request */ 
Interm. Signal for Addr. Decoding */ 
RESET */ 

On Board Memory Request */ 


i 


.7) = [Al3..19]; /* Addresses from Extension Bus */ 


/* Address range select inputs */ 


/* Write Signal from Ext. Bus */ 
/* RESET Input from Ext. Bus */ 
/* Address latch enable " " «yf 


and Intermediate Variable Definitions : */ 


UADDR = [A17..19]; /* Upper Address Range */ 
LADDR = [{A13..15]; /* Lower Address Range */ 
SEL = (S0,S1]; /* Address range select field */ 


/* Address range definitions: */ 


/* Upper Address range : */ 


USEL3 = 
USEL2 
USEL1 


UADDR: [80000. .9ffff]; 
UADDR: [60000. .7f£fff]; 
UADDR: [40000. .6ffff]; 


/* Lower Address range: */ 


ADRO 
ADR1 
ADR2 
ADR3 
ADR4 
ADR5 


!AL6&ADDR&LADDR: [0000..1fff]; /*CEP register access w/ 
'A16&ADDR&LADDR: [2000..3fff]; /*ask for S-~Bus * / 
!AL6&ADDR&LADDR: [4000..5f ff); /*release S~-Bus * / 


!A16&ADDR&LADDR: [6000..7fff]); /*Pageaddr. into Pageregister */ 
!AL6&6ADDR&LADDR: [8000..9fff}; /*CEP hardware RESET aktiv */ 
!A16GADDR&LADDR: [a000..bfff]; /*CEP hardware RESET inaktiv */ 


Figure 3-130. Evaluation Board PAL Device Equations 
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/*LOGIC EQUATIONS : */ 

ADDR = SEL:3 & USEL3 & !BALE /*SEL selects 3 allowed */ 
# SEL:2 & USEL2 & ! BALE /* "addressranges (blocks of*/ 
# SEL:1 & USEL1L & !BALE ; /* "128kBytes )*/ 





MEMRQ = Al6 & ADDR & !BALE ; /*Access on board memory access*/ 


SBUSRQ = ADR1 & SMEMW /*Request the S-Bus */ 
# SBUSROQ & ! (ADR2 & SMEMW) ; 


PAGE = ADR3 & SMEMW; /*Load Page address into */ 
/*Pageregister*/ 
RSOUT = ADR4 & SMEMW & RSIN , /*Software controlled */ 
# RSOUT & ! (ADRS & SMEMW) ; /* Hard Reset */ 
CEPRQ = ADRO & !RSOUT ; /*CEP Register Access */ 


/* (Memory mapped )*/ 





PARTNO NONE; 

NAME EVBPAL2A; 

DATE 11-6-85; 

REV Lae 

DESIGNER Wolfgang Kemmler; 

COMPANY Advanced Micro Devices; 

ASSEMBLY CEP Evaluation Board; 

LOCATION U31; 

/* Pal Assembler: CUPL (Assisted Technology) ai 
[RI III IOI I II III II IO II II IOI I II IC a 
/* x / 
/* IBM XT/AT Extension Bus Interface Controller xf 
/* for Am7970 CEP Evaluation Board « f 
ie xy 
[RR III III IOI III IIR IO II III I I II IIE I IOI ke te ie 
/* Target Device Type : AmPal 22V10 *f 
/* Outputs: os 

PIN 23 = IOCHRDY; /* Open Coll. Extension Bus Signal */ 
PIN 22 = !RD; /* CEP Signal */ 

PIN 21 = !WR; {[* : a 

PIN 20 = !BLEN; /* Data transceiver low enable */ 

PIN 19 = !BHEN; /* Data transceiver high enable */ 

PIN 18 = !ADDRC; /* Address receiver enable */ 

PIN 17 = DIR; /* Direction controll of data transc. */ 
PIN 16 = SBHE; /* Extension Bus Signal */ 


PIN 15 = DELRDY; /* Signal helps generating two wait states */ 
/* for Rev.A CEP - IBM AT interface combination */ 
PIN 14 = IONRDY; /* Interm. I/O Not Ready Signal */ 





/* Input: */ 


PIN 1 = CLK; f*® CEP clock (5 MAZ) -*/7 

PIN 2 = !SBUSRQ; /* On board system bus access request */ 
PIN 3 = !CEPRQ; /* CEP register access request */ 

PIN 4 = !MEMRQ; /* On board memory access request */ 
PIN 5 = !ATEN; /* AT Mode enable */ 

PIN 6 = HLDA; /* CEP signal */ 

PIN 7 = READY; /* CEP signal */ 

PIN 8 = ACKA; /* AcKnowLleage from on Doar memory */ 
PIN 9 = !SMEMW; /* Extension bus signal */ 

PIN 10 = !SMEMR; [* uy */ 

PIN 11 = SAO; [* : *y 

PIN 12 = GND; 

PIN 13 = ! PAGE; /* Page latch access request */ 


PIN 24 = VCC; 


Figure 3-130. Evaluation Board PAL Device Equations (Continued) 
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/* Logic Equations */ 
WR.OE = !HLDA ; WR = SMEMW & (CEPROQ # MEMRQ) ; 
RD.OE = !HLDA ; RD = SMEMR & (CEPRQ # MEMROQ) ; 
BHEN = ATEN & SAO & (RD # WR) ; 
BLEN = ATEN & !SAO & (RD # WR) 

# CEPRQ & !HLDA & (SMEMR # SMEMW) 

# MEMRQ & !HLDA & (SMEMR # SMEMW) 

# PAGE & !HLDA ; 
IOCHRDY.OE = IONRDY; IOCHRDY = tIONRDY ; 
IONRDY = HLDA & SBUSRO 

# !HLDA & (SMEMR # SMEMW) 

& (MEMRQ & !ACKA # CEPRO & !READY) ; 

ADDRC = !HLDA & (CEPROQ # MEMRQ) ; 
DIR = HLDA & WR # !HLDA & SMEMR ; 
SBHE.OE = ATEN ; SBNE = !SAO ; 
DELRDY.D = RD # WR ; 
DELRDY.AR = 'b!'0 DELRDY.SP = 'b'0.; 
PARTNO NONE; 
NAME EVBPAL2B; 
DATE 1=13=+85; 
REV 13.33 
DESIGNER Wolfgang Kemmler; 
COMPANY Advanced Micro Devices; 
ASSEMBLY CEP Evaluation Board; 
LOCATION U30; 


/*Pal Assembler: CUPL (Assisted Technology) 


ae 


[RCI IOI III ICI IOI I ICICI ICICI III II II III IOI II ICI ICI IC 


/* 
/* 
/* 
/* 


* f/f 
IBM XT/AT Extension Bus Arbiter * / 
for the CEP Evaluation Board * / 
*/ 


[DIGI III ICICI ICICI IOI CIO I I II IO III III I IOI IO I IOI IO kt 


/* Target Device Type 


/* Input 

PIN 1 = CLK; 

PIN 2 = !RD; 

PIN 3. = !WR; 

PIN 4 = HRQ; 

PIN 5 = ACKA; 
PIN 6 = !SBUSRQ; 
PIN 7 = !DACK; 
PIN 8 = !PAGE; 
PIN 9 = !ATMD; 
PIN 10 = REVA; 
PIN 11 = ALE; 

PIN 13 = DELRDY; 
f*® OWMEPRES: $ 

PIN 23 = !MASTER; 


AmPal22V10 */ 
ais 

/* Extension bus clock 
/* CEP signal */ 

/* u es 

ia : xf 

/* On board memory acknowledge */ 

/* Onboard system bus request */ 

/* Extension bus arbitration signal */ 

/* Page Latch access request */ 

/* AT Mode Indicator */ 

/*-CEP Revision A Indicator (adds 1 wait state) */ 

fe CEP’ Signal. #7 
/* Delay Ready */ 
a 


/* Extension bus arbitration signal */ 


ad 5 


Figure 3-130. Evaluation Board PAL Device Equations (Continued) 
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PIN 22 = DREOQ; /* "W 


PIN 21 = !MEMW; /* Extension bus signal */ 

PIN 20 = !MEMR; /* is */ 

PIN 19 = READY; /* CEP signal */ 

PIN 18 = HULDA; /* m xf 

PIN 17 = !ATEN; /* Enable master interface to AT ext. bus */ 
PIN 16 = ENTER; /* Onboard memory access request */ 

PIN 15 = EARLY; /* Intermediate signal for “ENTER” */ 

PIN 14 = PAGLE; /* PAGE LATCH ENABLE signal */ 

/* Logic Equations : ef 

ATEN.D = MASTER & ATMD; 


ATEN.AR = 'b'OQ ; ATEN.SP = 'b'O ; 
MASTER.OE = HRQ & HLDA & ATMD; 
MASTER.D = HRQ & HLDA & ATMD; 


MASTER.AR = 'b'O ; MASTER.SP = 'b'0O ; 


DREQ@.D = HROQ & ATMD & !DACK 
# DREQ & HRQ & ATMD ; 
DREQ.AR = 'b'O ; DREQ.SP = 'b'0 ; 


MEMW.OE = ATEN ; MEMW 


iH 
= 
ve) 


MEMR.OE = ATEN ; MEMR 


i 
v3) 
iw) 


HLDA = !ATMD & HROQ & !SBUSRQ 
# !'ATMD & HLDA & HRQ 
# ATMD & DACK & DREQ 
# ATMD & HLDA & DREQ ; 


EARLY = ALE # EARLY & !RD & !WR ; 
ENTER = (EARLY & !ALE # RD # WR) & !ATMD & HLDA ; 
PAGLE = ALE & HLDA # PAGE & !HLDA ; 


READY.OE = HLDA ; 
READY = HLDA & ATMD & (RD # WR) & (DELRDY & REVA # !REVA) 
# ACKA & !ATMD & (REVA & (RD # WR) # !REVA) ; 


PARTNO NONE; 

NAME EVBPAL3; 

DATE 11-13-85; 

REV 1.4; 

DESIGNER Wolfgang Kemmler; 

COMPANY - Advanced Micro Devices; 

ASSEMBLY Am7970 CEP Evaluation Board; 

LOCATION U64; 

/* Pal Assembler: CUPL (Assisted Technology) */ 
[RR ke ee III II IO IOI IO III II IO II II I Ie kok ke / 
Lm a 
/* Dual Port Dynamic Memory Access/Refresh Controller */ 
Le for Am7970 CEP Evaluation Board */ 
/* xf 


[RR KK KK HK IK KI KK I I IIR RII I IKK II II TOF IOI I I IOI I Ik ee tet dee ee ee / 


/* Target Device Type : PAL22V10 aif 












/* Inputs : 7 
PIN 1 = clock ; /* SMHz clock synchr. & inverted */ 





Figure 3-130. Evaluation Board PAL Device Equations (Continued) 
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/* to CEP clock */ | _ 
= tab3 ; /* 60% Tab of 150ns delay line Ss */ 


PIN 2 
PIN3 =tab5 ; /* 100% n | 7 | 
PIN 4 = dale ; /* CEP signal document side */ 
PIN 5 = ldrd ; /* " . " */ 
PIN 6 = !dwr ; /* " */ 
PIN 7 = tab2 ; /* 40% Tab of delay line */ 
PIN 8 = !wr ; /* CEP signal system side */ 
PIN 9 = !rd ; /* eG ~~ */ 
PIN 10 = !memrq ; /* On board memory request =) 
PIN 11 = fr ; /* REFRESH from IBM AT; DACKO from IBM XT */ 
PIN 12 = GND ; : 
PIN 13. = enter ; /* CEP system interface access request */ 
/* Outputs : lt 
PIN 23 = tabo ; /* Input of delay line */ 
PIN 22 = !rfrq ; /* Interm. signal for refresh arb. */ 
PIN 21 ‘= !we ; /* Write enable for on board memory */ 
PIN 20 = endcyc; /* Intermediate signal for document xy 
/* side arbitration */ 
PIN 19 = fh; /* Interm. signal for refresh arb. id! 
PIN 18 = !enb ; /* Enable document side to memory x / 
PIN 17 = ackb ; /* Acknowlege document side access * / 
PIN 16 = acka ; /* " system " 7 * / 
PIN 15 = !ena ; /* Enable system side to memory * / 
PIN 14 = casi ; /* CASI for 2968 x / 
/* Logic Equations : */ 


ena = enter & !rfrgq & !enb & !(!fh & fr) & !tab3 
# (rd # wr) & !rfrq & !enb & memrq & !tab3 
# ena & (enter # rd # wr) & !rfrq ; 


enb = (!dale & !endcyc # drd # dwr) & !(!fh & fr) 
& fenter & !rfrq & !ena & !tab3 
# enb & (!dale & !endcyc # drd # dwr) & !rfrq & !ena ; 


endcyc = drd # dwr # endcyc & !dale ; 


tabO = ena # enb # rfrq & (!tab3 # !tab5) ; 


H 


acka.d ena & !rfrq & !enb ; 


ackb.d enb & !rfrq & !ena ; 


fh = fr & rfrq & tabO # fh & fr ; 


rfrq = fr & !fh & !ena & 'enb & !tab3 
# rfrq & (tabO # tab2) ; 


we = ena & !enb & !rfrq & wr # enb & !ena & !rfrq & dwr ; 
casi = tab2 & (we # ena & rd # enb & drd) ; 

acka.ar = 'b'0 ; 

acka.sp = 'b'O ; 


ackb.ar = 'b'O ; 
ackb.sp = 'b'0O ; 


Figure 3-130. Evaluation Board PAL Device Equations (Continued) 
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3.4.5 INTERFACING TO THE Z80 AND Z8000 


Z80 and Am9568 Data Ciphering Processor 
with the Am9517 DMA Controller 


This application design shows how to operate the ciphering 
throughput up to 890 Kbyte/s by using the advanced 8-bit DMA 
Controller Am9517A-5 (also called the 8237-5). The host CPU 
is a Z80A. (Figure 3-131) 


The CPU sets up a data block in memory and programs the 
DMA controller to transfer this data block to the DCP via the 
Master Port. The DCP encrypts the data. A high-speed periph- 
eral device can read out the ciphered data from the Slave Port. 
This dual-port configuration allows data input and output simul- 
taneously and increases the throughput, compared to a single- 
port configuration, by a factor of two. In the single-port 
configuration, only the Master Port is used for data transfer; it 
handles both the clear and ciphered data. 


The multiplexed address/data bus of the DCP is simulated in a 
two-cycle operation. For output operation to an even address, 
the PAL interface timing controller generates a Master Port 
Address Strobe (MAS) to select one of the internal registers. 
Subsequent I/O operations to an odd address (Ag=HIGH) 
transfer data to or from the preselected DCP register. During 
/O operations to an odd address, the PAL device generates 
Master Port Data Strobes (MRD or MWR). Before the DMA 
block transfer starts, the CPU must preselect the DCP data 
register. The register address of the data register is O0}4. 








The DMA controller operates in “flyby” mode. Data is trans- 
ferred on the system data bus one byte at a time from memory 
to the DCP, or vice versa, without going through a DMA regis- 
ter. An /O Read (IOR) and Memory Write (MEMW) or 1/O 
Write (IOW) and Memory Read (MEMR) are active at the 
same time. The DCP is selected by DMA Acknowledge 
(DACK). The PAL device treats DACK as CS active and 
Ag=HIGH. In this design the DMA controller can only execute 
data transfer cycles; it is not able to change the internal register 
address of the DCP. 
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Figure 3-131. Z80 and Am9568 DCP Interface 
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The DMA controller is set up for Demand Transfer Mode. It 
releases the bus when the data request input goes inactive. 
The Master Port Flag (MFLG) is wired to the data request 
input. The flag output goes active when the DCP is ready to 
accept data, or the output data is ready to be read out. After 
transferring one block of data (8 bytes), this flag goes inactive 
until a new block can be put in or read out. The inactive time 
depends on the response time of the peripheral logic at the 
Slave Port. This flag is inactive for a minimum of five clocks. 





Speed 

The DMA controller needs three clock cycles to transfer one 
byte. After each block transfer (8 bytes), the DMA controller 
releases the bus and requests it back if MFLG goes active 
again. This time is assumed to be 12 clocks. The ciphering of 
one block is done concurrently with the input of the next block; 
the internal operation is pipelined. The maximum throughput 
can be calculated as: 


T= 8/(8*3 + 12) « 4 MHz = 0.89 Mbyte/s 


The Compressed Transfer mode of the DMA controller cannot 
be used, because the PAL synchronization logic needs normal 
timing to synchronize the Data Strobes to the DCP clock. 


Initialization 


The Multiplexed Control Mode C/K =LOW) of the DCP is 
selected to enable access to the internal registers. The CPU 
first programs the Mode Register to reset the DCP and to set 
up the port configuration and ciphering mode. After that, the 
keys and initial vectors can be loaded. To initialize the DCP for 
DMA transfer, the CPU executes one Address Latch Cycle, to 
pre-select the data register. 


The DMA controller must be programmed such that DREQ and 
DACK are active LOW. 


Timing 

The PAL device simulates the multiplexed address/data bus of 
the DCP assuming a two-cycle operation mode. In the first 
cycle the CPU latches the address of the internal register into 
the DCP; subsequent cycles transfer data to or from the se- 
lected register. Address Ag distinguishes the two cycles 
(Fiure 3-132). An I/O instruction with Ag=LOW generates an 
address latch cycle; an I/O instruction with Aj5=HIGH gener 
ates a data transfer cycle. 


The DMA controller must be initialized for “extended” I/O write 
in order to have a similar I/O bus timing to the Z80A CPU. A 
“late” I/O write delays the Master Port Write Strobe (MWR) to 
the DCP by one clock cycle. If a late write is used, the data bus 
will not be valid at the time data is latched. 


To execute a DCP-to-memory transfer, the DMA does an |/O 
read and memory write. The DMA controller can be 
programmed for an “extended” or “late” write, depending on 
the memory design. 


In “flyby” mode the DMA controller generates no I/O address, 
so the CPU has to preselect the data Input or Output Register. 
A DMA Acknowledge (DACK) enables MRD or MWR to con- 
trol the data transfer. 


Figure 3-132 shows the DMA-DCP data transfer timing. When 
the DMA Controller has transferred one block of data, the data 
transfer has to be stopped until the DCP is ready for the next 
block transfer. The DCP makes the DMA Controller stop the 
transfer by deactivating MFLG. if MFLG is LOW, data may be 
transferred; if MFLG is HIGH, the DCP does not accept data 
transferred. The timing of the MFLG to DREQ path is the most 
critical in this application. If MFLG is deactivated too late, the 
DMA Controller will issue another data transfer which will be 
disregarded by the DCP. The critical signal path will be 
analyzed below. 























To prevent the DMA from issuing another cycle the Data Re- 
quest input has to go inactive by the falling edge of the DMA 
clock at the end of cycle S3. The DMA controlier samples the 
input at this time and instigates another cycle if the request is 
still active. The setup time of DREQ is 0 ns. The Master Port 
Fiag which is connected to the DREQ input goes inactive in the 
eighth cycle with a maximum delay time of 150 ns after the 
Data Strobes. The Data Strobe itself has a maximum delay 
time of 190 ns (Am9517A-5) after the rising edge of the clock in 
cycle So. That gives a time window of 375 ns of which 340 ns 
are already used for the two delays (190 ns + 150 ns). The 
propagation delay of a fast PAL device is 25 ns. This leaves 
10 ns for other delays in the signal path. 


The PAL design assumes that the system memory needs no 
Wait States. 

The peripheral logic at the Slave Port can use the Slave Port 
Flag (SFLG) to time the transfer. If SFLG is active LOW, data 


can be written to or read from the data register. Figure 3-133 
shows the PAL device equations for this interface. 
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Figure 3-132. CPU-DCP Timing Diagram 
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PAL16R4 PAL DESIGN SPECIFICATION 
DCP048 JUERGEN STELBRINK 8-9-83 
Z80A- AM9517(DMA)- AM9568(DCP) INTERFACE DEVICE 

ADVANCED MICRO DEVICES 


CLK1 CLK2 /CS /IOR /IOW AO /MFLG /DACK NC GND 
/OE /MWR /MRD /Q1 /Q2 £/Q3 MALE NC CLK vcc 


/MALE := /IOW+IOR+/CS+A0+MALE ; MASTER PORT ADDRESS STROBE 


Ql := CS*AO*IOR*/IOW*/Q2 + 
CS*AO*IOW*/IOR*/Q3 + 
DACK*IOR*/IOW*/Q2 + 
DACK* IOW*/IOR*/Q3 


Q2 >= CS*AO*IOR*/IOW*Q1 
CS*A0*IOR*/ITOW*Q2 
DACK* IOR*/IOW*Q1 
DACK* IOR*/IOW*Q2 


+++ 


Q3 >= CS*AO*IOW*/TOR*Q1 
CS*A0* IOW*/TOR*Q2 
DACK* IOW*/TOR*Q1 
DACK* ITOW*/TOR*Q2 


+++ 


MRD = CS*AO0*IOR*/IOW 
DACK* IOR*/ TOW 
Q2 


MASTER PORT READ 


++ 





MWR = CS*AO*IOW*/TOR*/Q3 + 
DACK* IOW*/TOR*/Q3 


MASTER PORT WRITE 


=e 


/CLK = CLK2 DCP CLOCK 


=e 


FUNCTION TABLE 


CLK1 CLK2 /CS /IOR /IOW /DACK AO CLK MALE /MRD /MWR /Q1 /Q2 /Q3 


; f 
;cc / / D M / / 
ile Se Fe Ck c AMM / / / 
>K K C 0OOCA L L RW QQ _Q 
;1 2 8 RW KO K EDRi1 2 3 COMMENT 
; CLOCK GENERATION 
Xb we ROK x x H X X X X X X 
X H X X X X X Lx x xk Xk x x 
; ADDRESS LATCH 
c X H H H H L X L H H H H H_ ; CYCLE T2 (CPU) 
c Xx LH LHL X H H H H H H_ ; CYCLE TW 
c X LH LHL X L H H H H H_~ } CYCLE T3 
c X H H H H L X L H H H H HH ; CYCLE Tl 
; READ DATA 
X X H H H H H X L H H H H H_~ }; CYCLE TW (CPU) 
X X L LH H H X L LH H H H 
c Xx L LH H 4H X Lb H ub H FH 
c Xx L LH H 4H X L L H L L H- } CYCLE TW (EXTRA WAIT STATE) 
c X L LH H 4H X L LH H L H- }; CYCLE T3 
Cc X H H H H H X L H H H H H_~ } CYCLE TI 
X X H LHL X X L L H H H H- ; CYCLE S3 (DMA) 
c X H LHL X X L LH LH #E 
c XX H LHL xX X L L H L LH}; CYCLE 84 
Cc X H H H H X X L H H H H H_ }; CYCLE S2 


Figure 3-133. Source Listing for the Z80 to Am9568 DCP Interface 
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; WRITE DATA 
XX abe UH CI OH OH Xx L H L H H H ; CYCLE TW (CPU) 
C x Lb HH L oH oH Xx L H L L H H | 
Cc xX L H L H H Xx L H H L H L ; CYCLE T3 
C! ax: OHV He Heo Xx L H H H H H ; CYCLE... V1 
Xx XxX H H L LL H Xx L H L H H H ; CYCLE S3 (DMA) 
GC oX. He Hy .b. Ge -H Xx L H L & H #H 
C X H H L L HA Xx L H H L H OL ; CYCLE S4 
C xX H H H H H X L H H H H H ; CYCLE S2 
DESCRIPTION: 


THIS PAL GENERATES ALL NECESSARY BUS CONTROL SIGNALS, TO 
INTERFACE A Z80A CPU AND A AM9517 DMA CONTROLLER TO THE AM9568 
DATA CIPHERING PROCESSOR. THE MAXIMUM SYSTEM CLOCK FOR ALL PARTS 
IS 4 MHZ. 


1 INPUT AND 3 INPUT/ OUTPUT PINS ARE NOT USED. 


INPUT SIGNALS: 


CLK1, 280 SYSTEM CLOCK 

CLK2 

/CS CHIP SELECT FOR THE DCP, GENERATED BY A DECODER LOGIC 
/IOR INPUT/OUTPUT READ 

/ OW INPUT/OUTPUT WRITE 


AO LEAST SIGNIFICANT BIT OF THE Z80 ADDRESS BUS TO SELECT 
THE TYPE OF OPERATION: | 
AO = LOW SELECT DCP REGISTER FOR NEXT DATA CYCLES 
(ADDRESS LATCH) 
AO = HIGH READ OR WRITE INTERNAL REGISTER. 
(DATA TRANSFER TO CONTROL, MODE, INPUT OR 
OUTPUT REGISTER) 


/ DACK DMA ACKNOWLEDGE FROM DMA CONTROLLER, TREATED AS /CS=LOW 
AND AO=HIGH . 


OUTPUT SIGNALS: 

CLK INVERTED SYSTEM CLOCK FOR THE DCP 

MALE MASTER PORT ADDRESS LATCH ENABLE, ACTIVE DURING ADDRESS 
LATCH CYCLES TO LATCH THE REGISTER ADDRESS ON MP1 AND MP2 
(2 LINES OF THE MASTER PORT BUS) AND THE STATE OF /MCS 
IN. THE DCP STORES INTERNALLY THE ADDRESS AND CHIP SELECT 

_T0 THE NEXT ADDRESS LATCH CYCLE 
/MRD MASTER PORT READ, TO ENABLE REGISTER READ OPERATIONS 


/MWR MASTER PORT WRITE, TO ENABLE REGISTER WRITE OPERATIONS 


/Ql, INTERNAL USED STATE SIGNALS (DO NOT CONNECT). Ql IS ACTIVE 2 

/Q2, CLOCK CYCLES IN EACH DATA TRANSFER OR DMA ACKNOWLEDGE CYCLE. 

/Q3 IT IS USED TO GENERATE THE DELAYED Q2 AND Q3. Q2 IS USED TO 
HOLD /MRD ACTIVE UNTIL /IOR IS GONE INACTIVE. Q3 MASKS /MWR 
OFF. ? | 


Figure 3-133. Source Listing for the Z80 to Am9568 DCP Interface (Continued) 
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Z80 to Am9518/Am9568 DCP 


This chapter shows, in two examples, how the Data Ciphering 
Processor (DCP) can be interfaced to a Z80 (Z80A, Z80B) 
CPU (Figure 3-134). All interface control signals are generated 
by one PAL device. 


in CPU transfer mode,ciphering speed can reach up to 280 
Kbyte/s. A Z80A DMA controller can double this value, and a 
Z80-DMA-DCP hookup can increase the speed to 1.1 Mbyte/s. 


The multiplexed address/data bus of the DCP is simulated 
using a two-cycle operation mode. An output instruction to an 
even address (Ag=LOW) selects one of the internal registers 
of the DCP. In all subsequent I/O operations with Ag=HIGH, 
the CPU can transfer data to or from DCP registers. The regis- 
ter address stays latched in the chip until the next Address 
Strobe latches in a new address. The Address Latch Cycle 
does not represent significant overhead in an encryption or 
decryption session because, once the DCP is initialized and 
the data register is selected, no further Address Latch Cycle is 
needed. 








DECODER 


Note 1: A/B=HIGH: Z80-9518/Z80A-8068 
Z80B-8068 


AIB =LOW: 


CLK 
cs 






VO addresses: XXXX XXX@ - Address Latch Cycle 
XXXX XXX1 - Data Transfer Cycle 
X —- User definable 


The AmPAL16R4 device controls the interface timing. It gener 
ates the synchronized strobe signals for the DCP and the Wait 
for the CPU to extend the cycles. 


The PAL device is programmed to allow two operation modes. 
In Mode A the DCP works with the same clock rate as the CPU. 
Mode B increases the ciphering speed by allowing higher than 
4-MHz system clock rates for the CPU. In this mode, the PAL 
device provides half the system clock rate for the DCP. 


A system with a Z80B at 6 MHz and an AmZ8068 at 3 MHz 
increases the ciphering speed compared to a system where 
both the CPU and the DCP clock are 4 MHz; the limiting factor 
is the data transfer capability of the CPU. 


The key requirement in interfacing the DCP to a Z80 CPU is to 
meet the timing relationship between the Master Port Data 
Strobe (MDS) and the DCP clock. The rising edge of MDS 
must be synchronous to the falling edge of the clock. 

















CLK2 
CLK 


AmPALi6r4 “CS 








A 
D: 





Am9518/ 
AmZ8068 





(MODE A) / 
(MODE B) 


02188A-97 


Figure 3-134. Z80-DCP Interface 
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The Operation Modes 


Mode A: Both the Z80 CPU and the DCP are operating syn- 


chronously at the same frequency. The DCP clock is 
inverted. This mode can be used with system clocks 
- up to 4 MHz. No extra Wait States are inserted. 
Mode B: To get higher ciphering throughput, the data transfer 
speed of the Z80 bus should be increased by using a 
higher system clock rate. In Mode B the PAL device 
divides the system clock by two to generate the DCP 
clock. The DCP clock.is synchronized to the MDS by 
delaying the clock one half cycle if they are not in 
phase (Figures 3-137 and 3-138). During a Data 
Write Cycle, one extra Wait State is inserted. An 
AmZ8068 must be used in this mode, even at a DCP 
Clock rate of 3 MHz, because of its faster register 
access time. 


Figure 3-134 shows the interface. The A/B input of the PAL 
device is wired HIGH to select Mode A or LOW to select 
Mode B. 


The Interface Timing 


Address Latch Cycle: (Figures 3-135 and 3-136) 


Master Port Chip Select (MCS) is active when IORQ and CS 
are active LOW and Ap=LOW (even address). Master Port 
Address Strobe (MAS) is strobed LOW for one system clock 
cycle during the Z80’s automatically inserted Wait cycle Tw to 
meet the hold time requirement of MAS HIGH to MCS HIGH 
(parameter 35). 


Data Read Cycle: (Figures 3-135 and 3-137) . 


A Data Read Cycle reads the register whose address was 
latched in the previous Address Latch Cycle. MCS and MAS 
are inactive the whole cycle. MDS is active during the last two 
clock cycles, Tw and T3. In both A and B Modes, no Wait State 
is inserted. WR and Ag must be HIGH. In Mode B the DCP 
clock is set HIGH in the beginning of T3 using an internal signal 
Q to synchronize the falling edge of the DCP clock to the rising 
edge of MDS. Q is only active in Mode B during Wait State Ty. 
This interface meets the data hold time of the Z80, because the 
data is stable to the beginning of T; of the next machine cycle. 


Data Write Cycle 


In this cycle, the CPU can write one byte into the addressed 
register. MCS and MAS are inactive. WR is active and Ag is 
HIGH. 

Mode A (Figure 3-135) — 


MDS is strobed LOW for Ty. The DCP reads the data in at the 
beginning of T3. No Wait State is inserted. 


Mode B (Figure 3-138) 


MDS is strobed LOW for the Wait cycle Ty and the additional 
Wait cycle Tw to meet the minimum data strobe active time 
(parameter 44) of the DCP. The DCP reads the data in at the 
begin of T3. 


Data Ciphering Speed 


The byte transfer capability of the Z80 system bus limits the 
data ciphering throughput of the DCP. A Z80 DMA controller 
doubles the maximum throughput compared to a CPU- 
controlled transfer as indicated in the following table: 


TABLE 3-19. 


System Cik perc | epu_| pcp _| Mode _| 


AmZ8068 


AmZ8068_ | 168 
Am9518 | 168 





N — Number of DCP clock cycles to transfer and cipher 8 
bytes of data. In CPU-controlled modes the use of the 
Z80 block transfer commands like INIR, INDR, OTIR or 


OTDR is assumed. 
T — Throughput in Mbyte/s 


168/1 76 0.28/0.27 
0.19 


0.14 


The formula for calculating the throughput is: 
T = (8 * f)/(N + m) Mbyte/s 

f — DCP clock in MHz 

8 — 8 bytes per block 


m — Number of extra DCP clock cycles to get a minimum 
delay time of five clocks between transferring the last 
byte of one block and the first byte of the next block. In 
CPU controlled transfers m=0 can be assumed, be- 
cause the CPU has to evaluate instruction fetches and 
memory data transfers between two I/O accesses. 
MFLG indicates if the DCP accepts data transfer. 
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11 T2 Tw* T3 


CPU CLK | | | | | | | | 
Sr Cs a 


O' 


ADDRESS 
CYCLE 


WRITE 


Ao / | | \ DATA 
CYCLE 


MDS Z 7 
WR 
: READ 
Ao DATA 
CYCLE 
MDS (} 
DCP CLK A A 


* AUTOMATICALLY INSERTED BY THE Z80 CPU, 
(NO MORE WAIT’S ARE ALLOWED) 


02188A-98 


Figure 3-135. Z80-Am9518/Z80A-AmZ8068 Timing Diagram (Mode A) 
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a 1 9T2 Tw TT 
CPU CLK | | ¢ 


1 T2 | Tw* Ts Ln 
CPU CLK | &] &] FI] 
MCS 
_f : = 
ho 
| ee \ = Z 
| . eat : Sen On 
DCP CLK (1) he | | | | ) 
OR | DCP CLK (1) ae & d 
DCP CLK (2) 7 oe a ee . OR | 


DCP CLK (2) 
* AUTOMATICALLY INSERTED WAIT STATE 


02188A-99 


02188A-100 
Figure 3-136. Address Latch Cycle (Mode B) 
(No Clock Synchronization) 


Figure 3-137. Data Read Cycle (Mode B) 
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Tw Tw 
T1 T2 (NOTE 1) (NOTE 2) T3 1 


CPU CLK | i 


A1-A7 VALID PORT ADDRESS 


Q 
WAIT : / 
(NOTE 3) \ 


DCPCLK(1) | | Ns ° 








OR 
DCP CLK (2) 
NOTE: 1. AUTOMATICALLY INSERTED WAIT STATE 
2. EXTRA WAIT STATE 
3. OPEN COLLECTOR OUTPUT 
02188A-101 
Figure 3-138. Data Write Cycle (Mode B) 
MODE A MODE B 
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Figure 3-139. Clock Timing Diagram (Mode A and B) 
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PAL16R4 PAL DESIGN SPECIFICATION 
DCP046 | JUERGEN STELBRINK 5/2/83 
Z80- AM9518/AMZ8068 INTERFACE CONTROLLER 

ADVANCED MICRO DEVICES . 


CLKl CLK2 /CS /IORQ AO /WR- AB NC. NC GND 
JOE NC /WAIT /CLKB /Q /MDS /MAS /MCS CLK Vcc 


MCS = IORQ*CS*/AO ; MASTER PORT CHIP SELECT 

MAS := IORQ*CS*/AO*WR*/MAS > MASTER PORT ADDRESS STROBE 

MDS := IORQ*CS*WR*/MDS*AO*AB + ; WRITE DATA STROBE (MODE A) 
TORQ*CS*WR*AO*/MDS*/Q*/AB + ; WRITE DATA STROBE (MODE B) 
IORQ*CS*WR*AO*MDS*Q*/AB + ; WRITE DATA STROBE (MODE B) 





TORQ*CS*/WR*AO READ DATA STROBE (MODE A+B) 
CLKB := /CLKB*/Q*/AB ; CLOCK FOR MODE B 
/CLK = CLK2*AB + ; (MODE A) 
CLKB 3 (MODE B) 
Q := IORQ*CS*/MDS*/Q*A0*/AB ; USED TO GENERATE MDS AND WAIT 
IF (Q*WR) WAIT = Q*WR ; WAIT TO Z80 
FUNCTION TABLE 
CLK1 CLK2 AB /CS /IORQ AO /WR CLK /MCS /MAS /MDS /WAIT /Q /CLKB 
' / / 
ae OEE @: I / / { W Cc 
; L L ff ‘© / Cc M MM A L 
;K K ACCRA #W L Cc ADIs K 
> 1 2 BS QO R K Ss S S T QB COMMENT 


‘MODE A: Z80- AM9518 OR Z80A- AMZ8068 INTERFACE 
| (DCP CLOCK = CPU CLOCK) 


CLOCK GENERATION 


=e te Me TO Me Ve 


X LH X X X X H X X X Z2 H H 
X H H X X X X L X X X Z H H 
; ADDRESS LATCH 
H X H H H X H X H H H Z H H ; MACHINE CYCLE Tl 
L X H L H LH X H H H Z H Hi | 
c X H L H L H X H H H Z H H 
H X H LULL X L H H 2 H H ; CYCLE T2 
c xX H © Lb sGh £5 X L LH ZH H 
C °k aE ey De ote i X L H H ZH H ; CYCLE TW 
H X H L H LH X H H H ZH H ; 


CYCHE.T3 


Figure 3-140. Source Listing for the Z80 to Am9518/Am9568 Interface 
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Cc X H L H L H X H H H Z H H 


WRITE DATA OPERATION 


me ™s @™3 





C X H L H H FH X H H H Z@ H H ; CYCLE Tl 
Cc X H L L H L X H H L Z@ H #H ; CYCLE T2 
Co XX. H Ge Db -H 2b X H H H Z H H ; CYCLE TW 
Cc X H L H H H X H H H Z@ H H ; CYCLE T3 
; READ DATA OPERATION 
Cc xX H L H H H X H H H 2 H H ; ‘CYCLE Tl 
Cc X H L L H 8H X H H L Z@ H H ; CYCLE T2 
c X H L L H H X H H L Z@ H H ; CYCLE TW 
Cc X H L H H #H X H H H Z H H ; CYCLE T3 
; INVALID OPERATION (READ IN ADDRESS LATCH) 
c X H L L LL H X L H H Z2 H H ; NO /MAS ! 
; / / 
PES I / { £ W Cc 
7; LoL / Oo / Cc M M M A L 
; K K A C R A W L Cc ADI / kK 
,; 1 2 B S Q O R K S S S T Q B COMMENT 
; MODE B: Z80B- AMZ8068 INTERFACE 
; (DCP CLOCK = CPU CLOCK/2) 
; WRITE DATA OPERATION 
Cc X L H H H H L H H H Z@ H UL ; CYCLE T1 
c X L H H H H H H H H Z@ H H ; CYCLE T2 
c x Lb L LH L L H H L LuLu tt ; FIRST WAIT CYCLE (CLK=L) 
Co X& “dy de ois ah *G H H H L Z2@ H #H ; SECOND WAIT CYCLE 
CX Ie. i. i. B.. h L H H H Z@ H L ; CYCLE T3 
c xX L Lb LB H L H H H L L LB BA ; FIRST WAIT CYCLE (CLK=H) 
c xX L LL Lb H L H H H L Z@ H H ; SECOND WAIT CYCLE (SYNC !) 
ec X L Lb LH L L H H H Z H L ; CYCLE T3 
; READ DATA OPERATION 
c X L H H H 4H H H H H Z@ H H ; CYCLE Tl 
c X L H H H H L H H H Z@ H L ; CYCLE T2 
c X L LL H H H H H L ZL H ; WAIT CYCLE 
c X L L L H HH H H H L Z@ H H ; CYCLE T3 (SYNC!) 
c X L L H H 8H L H H H ZH L ; NEXT CYCLE 


Figure 3-140. Source Listing for the Z80 to Am9518/Am9568 Interface (Continued) 
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DESCR 


THIS 


THE AM9518 OR AMZ8068 TO THE Z80 CPU 


2 INP 
A DAT 


IN SY 
FREQU 
IF TH 
SYSTE 
INPUT 


CLK1, 
CLK2 


/cs 


/ TORQ 


AO 


/WR 


AB 


OUTPU 
/WAIT 
/MCS 


/MAS 


/MDS 
CLK 


/CLKB 


/Q 


IPTION: 


PAL GENERATES ALL NECESSARY BUS CONTROL SIGNALS, TO INTERFACE 


WITH A SYSTEM CLOCK UP TO 6 MHZ. 


UT AND 1 INPUT/ OUTPUT PINS ARE 
A BUS TRANSCEIVER CONTROL LOGIC 


NOT USED, SO THAT FOR EXAMPLE 
CAN BE ADDED. 


STEMS WITH A CLOCK UP TO 4 MHZ, 
ENCY (MODE A, INPUT AB = HIGH). 
E FREQUENCY IS HIGHER, THE DCP IS DIVIDED BY TWO FROM THE 
M CLOCK (MODE B, AB = LOW). 


THE DCP RUNS DIRECTLY AT THIS. 


PINS: 


CLK1 IS THE CLOCK INPUT FOR THE FOUR INTERNAL D-FLIP-FLOPS. 
THEY ARE CLOCKED BY THE RISING EDGE OF CLK1. THE DCP DATA . 
STROBE MUST BE SYNCHRONOUS TO THE FALLING EDGE OF THE CLOCK; 
THE INVERTED CLK2 IS THEREFORE SENT TO THE OUTPUT CLK. 

IN MODE B CLK2 IS SYNCHRONIZED BEFORE IT APPEARS ON THE CLK 
OUTPUT. BOTH INPUTS ARE CONNECTED TO THE Z80 SYSTEM CLOCK. 


CHIP SELECT GENERATED BY AN ADDRESS DECODER LOGIC 
(ACTIVE LOW). IF /CS IS ONLY ACTIVE IN I/O CYCLES, 
THE /IORQ INPUT CAN BE WIRED LOW. 


INPUT/ OUTPUT REQUEST OF THE Z80 (LOW ACTIVE) 


LEAST SIGNIFICANT BIT OF THE 280 ADDRESS BUS 

TO SELECT TYPE OF OPERATION: 

AO= LOW SELECT REGISTER FOR NEXT DATA CYCLES 
(ADDRESS LATCH) 

READ OR WRITE INTERNAL REGISTER 
(DATA TRANSFER TO CONTROL, MODE, 
OR OUTPUT REGISTER) 


‘HIGH 


AO 
INPUT 


WRITE SIGNAL OF THE Z80, DEFINES DATA TRANSFER DIRECTION 


AB= 
AB= 


HIGH 
LOW 


MODE A 

MODE B 

T SIGNALS: 
ACTIVE LOW DURING FIRST WAIT CYCLE IN WRITE DATA 
OPERATION IN MODE B, TO GENERATE AN EXTRA WAIT STATE. 
THE OTHER TIME /WAIT IS IN THREE STATE. 


MASTER PORT CHIP SELECT, ONLY ACTIVE IN ADDRESS LATCH 
CYCLES 


MASTER PORT ADDRESS STROBE, ACTIVE IN ADDRESS CYCLES 


TO LATCH THE REGISTER ADDRESS AND /MCS IN. THE DCP 
STORES INTERNALLY THE ADDRESS AND THE CHIP SELECT 


TO THE NEXT ADDRESS LATCH CYCLE 
MASTER PORT DATA STROBE TO ENABLE DATA TRANSFER TO THE 
INTERNAL REGISTERS OF THE DCP 


DCP CLOCK, IN MODE B SYNCHRONIZED TO THE MASTER PORT DATA 
STROBE (/MDS) 


DCP CLOCK OUTPUT INTERNALLY USED FOR MODE B (NOT CONNECT) 
INTERNAL STATUS SIGNAL (NOT CONNECT) 


Figure 3-140. Source Listing for the Z80 to Am9518/Am9568 Interface (Continued) 
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Z8001/8002 Overview 


This CPU has a 16-bit data multiplexed address/data bus (the 
Z8001 has 7 additional non-multiplexed address outputs, 
called segment bits, extending its memory address range to 8 
Mbyte). 


28001/8002 addresses are specified as bytes. In a 16-bit word 
the least significant byte has the higher address, the most 
significant byte has the lower address. This differs from the 
8080, 8085, 8086, and Z80. Moreover, 16-bit and 32-bit words 
must be aligned with an even address. 


The 8-bit peripherals should be connected to the lower half of 
the Z8001/2 data bus and must be addressed with odd ad- 
dresses (non-contiguous addressing). 


The data bus is “asynchronous”, i.e. the CPU machine cycle 
can be stretched without clock manipulation by inserting Wait 
States between T2 and T3 of a read or write cycle to accom- 
modate slower memory or peripherals. 


Separate address space for I/O (64 kbytes) defined by Status 
Code 0010 on the four Status outputs and by the R/W output 
from the Z8001/2. Addresses are guaranteed valid before the 
rising edge of AS. 

Data from 1/O must be valid before the rising edge of DS. Data 
to I/O is valid during DS. 


DMA: The bus is requested by activating the BUSRQ input to | 


the Z8001/2. 
Bus Grant is confirmed by the BUSAK _ output from the 
28001/2. 


AMPAL16L8 
PATOO1 


File: Z8K90.PAL 


Z8001 TO LANCE INTERFACE 
ADVANCED MICRO DEVICES 


JAS /HLDA READ /CS 


STO /T /M 


IF /(CHLDA) Tes SREAD*/ CS 


IF (/HLDA) ae 


/AAIT LE /R 


interrupt is requested by activating either the NMI (non- 
maskable), NVI (non-vectored interrupt), V1 (vectored inter 
rupt), or SEGT (segment trap from the memory management 
unit). 





Interrupt is acknowledged by the STATUS code output from the 
Z8001/2. During the Interrupt Acknowledge Cycle the Z8001/2 
reads a 16-bit word containing an 8-bit jump vector for vectored 
interrupt. 


Z8001 to Am7990 LANCE Interface 


Z8001 interface to the LANCE is easily accomplished since the 
Z8000 also has a multiplexed bus and most of the control 
signals can directly be connected (Figures 3-141 and 3-142). 
This design also uses the PAL (AmPAL16L8) to reduce parts 
count. INTR pin of the LANCE is connected to NVI pin of the 
28001, since LANCE does not return a vector during the inter 
rupt acknowledge cycle. The PAL uses the status lines ST3- 
ST, (when Z8000 is the bus master), or HLDA from LANCE 
(when LANCE is in bus master mode), to generate M, the 
memory request signal. The user should program the ACON, 
BCON, and BSWP to 1, prior to initializing the LANCE. When 
the LANCE is the bus master, DALI and DALO control the 
transceiver. When the CPU is the bus master, T and R are 
generated from R/W and DS to control the transceiver. 








RASOUL M. OSKOUY 
MARCH 13, 


1984 


/DS /READY ST2 ST2 ST1 GND 


NC NC NC VCC 


READ®DS*/CS 


M = /HLDA*®ST3*/ST2*/ST1*/STO + 


/HLDA®/ST2*/STi*STO + 


/HLDA®ST3*ST2*/ST1 + 


riLUA 
WAIT / READY 


/LE = AS 


Figure 3-141. Source Listing for the Example of Figure 3-142 
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READY FROM 
SYSTEM 
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Figure 3-142. Z8000-AmZ8068 Interface 
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3.5 BUS INTERFACE LOGIC 


3.5.1 MULTIBUS TO Am9516 INTERFACE 


This interface shows the Am9516 connected to the MULTIBUS 
(Figure 3-143). This is accomplished by two PAL device 
designs. The equations for the PAL devices are shown in Fig- 
ures 3-144 and 3-145. The first designated Am9516MBC does 
the MULTIBUS arbitration as defined by the MULTIBUS 
specification. Common bus request (CBRQ) was not imple- 
mented in this design. Additionally this design holds the bus as 
long as BREQ is active. If the user wishes to release the bus 
after each transaction the Am9516 should be programmed for 
CPU interleave. 


The second PAL device in this interface designated 9516MBC, 
converts the Am9516 signals into MULTIBUS control signals. 
It also generates RD and WR for the 8530 so that flyby trans- 





fers can be done. When not doing flyby, this part of the PAL 
device should be changed. There are several considerations 
when using the SCC with DMA not addressed here. These are 
covered in a separate application. This example will work for 
moderate serial data serial data rates. To operate the SCC at 
maximum speed, a local RAM should be used as bus arbitra- 
tion overhead could cause problems. The main purpose here 
was to illustrate the versatility of PAL devices and how 
easy it is to interface apparently incompatible devices to the 
MULTIBUS. 


The two PAL device shown are similar in function to the 8289 
and 8288 shown with the 8086 CPU. A similiar design could be 
done for processors such as the 68000 or other bus masters 
such as the 8052 CRT controller which has its own DMA. 
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READY | 
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MULTIBUS 
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Figure 3-143. Am9516 to 8086 in a MULTIBUS® Environment Oetseitee 


PAL16L8 PAL DESIGN SPECIFICATION 
PAT 002 JOE BRCICH 9 SEPT 82 
MULTIBUS CONTROL FOR 9516 

ADVANCE MICRO DEVICES 


BACK MIO NC NC /DACK NC NC NC /CEN' GND 
NC /RD /IORC /DS /MWTC /MRDC /IOWC /RW /WR_ VCC 


IF (BACK) IORC = /MIO*DS*/RW*CEN 
IF (BACK) IOWC = /MIO*DS*RW*CEN 
IF (BACK) MRDC = MIO*DS*/RW*CEN 
IF (BACK) MWTC = MIO*DS*RW*CEN 


RD = DACK*RW*BACK + IORC*/BACK 
WR = DACK*, W*BACK + IOWC */BACK 
IF (/BACK) DS = IORC + IOWc 


IF (/BACK) RW = IOWCc 


DESCRIPTION 


THIS PAL CONVERTS MULTIBUS SIGNALS INTO 9516 COMPATIBLE SIGNALS AND 
VICE VERSA. IT ALSO SUPPORTS THE 8530 IN FLYBY MODE. 


Figure 3-144. Source Listing for MULTIBUS to Am9516 Interface 
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PAL16R4 PAL DESIGN SPECIFICATION 
PAT 004 | 7 JOE BRCICH 30 JULY 84 
MULTIBUS ARBITER FOR 9516 | 

ADVANCE MICRO DEVICES 


/BCLK /XACK BRQ /BSY /BPRN /DS NC /IORC /CS_ GND 
/OE /RBEN /TBEN BACK /CEN /BREQ /BUSY /BPRO /WAIT vcc 


IF (/BACK) TBEN = IORC * CS 
IF (/BACK) RBEN = /IORC * CS 
WAIT = /XACK * BACK 

BREQ := BRQ 

BPRO = /BRQ * BPRN 

/BACK := /BUSY 


BUSY :* BREQ * BPRN * /BSY * /BUSY + 
BREQ * BUSY * BPRN + DS * BUSY 


CEN := BACK 
DESCRIPTION 

/CEN DELAYS THE COMMANDS TO MEET THE MULTIBUS REQUIREMENT THAT ADDRESS 
AND DATA BE VALID AT LEAST 50 NS PRIOR TO CONTROL ACTIVE. IF WE DO 


NOT ALLOW PREEMPTION; REMOVE BPRN FROM THE SECOND EXPRESSION IN THE 
BUSY EQUEATION AND ELIMINATE THE THIRD EXPRESSION. 


Figure 3-145. Source Listing for MULTIBUS to Am9516 Interface 
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3.5.2 Z-BUS AND 8088/8086 INTERFACE 


This application note describes how replacing two 8086 sup- 
port chips with a Z8000 support chip and an AmMPAL16R8A 
allows the 8086 CPU to interface directly to the Z-BUS. Since 
the timing of the signals used is the same for the 8088 CPU, 
this circuit will work equally well in those applications. 


Interfacing the 8086 CPU to the Z-BUS allows 8086 users to 
take advantage of the very powerful Z8000 peripheral and 
memory support circuits that are available. The Z8000 
peripheral circuits in particular offer the user higher 
throughput rates, simpler control software and less system 
overhead requirements than any previous generation periph- 
eral family for any CPU. 


Design Requirements 


The 8086 CPU can operate in two different modes. In mini- 
mum mode, it generates all the bus control and timing 
signals for the 8086 (8085, 8088) buses directly on-chip. In 
maximum mode, the CPU puts out status information early in 
each bus cycle and relies on an external bus controller chip, 
the 8288, to generate timing and control signals. This im- 
plementation uses the CPU in maximum mode and replaces 
the 8288 with a programmable array logic element 






RESET OUT f= 
Z2CK § 


AmZ8127 


(AmPAL16R8A) that generates the Z-BUS timing and control 
signals from the status signals provided by the CPU. It also 
makes use of the AmZ8127 clock generator to allow precise 
timing resolution by providing an oscillator signal at 3 times 
the CPU clock frequency. The AmZ8127 provides all the clock 
generation functions of an 8284A as well as several addi- 
tional functions. Either clock chip will work in this system. 


The bus controller provides the following functions: 


—Generates AS, DS, INTACK and R/W with proper timing 
relative to address and data. 


—Provides simuitaneous assertion of AS and DS during 
reset. 


—Automatic insertion of 1 wait state for all 1/O cycles. 


—Synthesizes a single Z-BUS interrupt acknowledge cycle 
from the 8086 IACK cycles. 


Figure 3-146 shows the circuit interconnection diagram. The © 
system uses a high-speed AmMPAL16R8A to generate AS, DS, 
R/W and INTACK of the Z-BUS, RDY for wait state generation, 
and three internal state variables. The registers are clocked with 
the 15-MHz OSC signal from the 8127. The five input signals to 
the PAL are 5-MHz CPU Clock Signal (CLK), System Reset 
(RESET), and the three CPU Status States (So, $1, So). 
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Figure 3-146. Circuit Interconnection Diagram 
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The CPU indicates the start of a bus cycle by bringing at least 
one of the status lines low from the idle high state (see 
Figure 3-147). This starts an internal timing sequence within the 
PAL which corresponds closely to the various T states of a 
bus cycle. AS is asserted during the time CLK is LOW during 
T,. DS is asserted at the start of T3. If it is an 1/O cycle, then 
RDY would be disabled for one CLK period straddling To and 
T3 causing the 8127 to request 1 wait state after Ts. In either 
case, DS remains asserted until after the first 1/3 of Tg, which 
is identified by the status lines returning to the idle State dur- 
ing the previous cycle. R/W is generated by sampling So and 
S, during-AS. 


|» | w | we i mw | 
8127 OSC t t 
|+->166.6ns 
e@ ©) 
8127 CLK 
8086 So, $1, S2 


() 
Py 


R/W 


It is in the realm of interrupts where the Z8000 peripherals 
shine over other periperhals. Each peripheral can identify 
many different exception conditions during its operation. 
The occurrence of one or more of these conditions causes ac- 
tivation of a single interrupt request line. The peripheral — 
wants the CPU to respond with a single interrupt acknowl- 
edge cycle, during which the peripheral resolves priority and 
provides the CPU with enough status and vector information 
to allow it to respond to the exception without any further in- 
terrogation of the peripheral. This allows interrupt driven 
systems to achieve very high data throughput rates. 


Th | T2 | T3 | Tw | 4 | 1 | 


trttttttrrrtitttrtritittrrrttrttt 
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Figure 3-147. Memory and |/O Timing Diagram 
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The 8086 CPU responds to an interrupt request with a se- 
quence of two interrupt acknowledge cycles, and only in the 
second is any data read off the bus. As stated before, the 
Z-BUS peripherals require only one acknowledge cycle. The 
timing of this has to be such that there is enough delay be- 
tween AS going HIGH and DS going LOW to allow any priori- 
tizing daisy chains to settle, and DS has to be wide enough to 
allow the peripheral time to place vector or status informa- 
tion on the bus. Figure 3-148 shows how these two require- 
ments are accomplished by turning the two acknowledge cycles 
into one. The first cycle allows only AS and the second asserts 
only DS and does so for the complete cycle. This appears to the 
peripheral as one very long bus cycle which is identified as an 
interrupt acknowledge cycle by the assertion of INTACK. 


| mw | ew | wm fo om | 


Design Approach 


To implement this design in an AMPAL16R8A requires recogniz- 
ing the Z-BUS timing characteristics in Figures 3-147 and 3-148. 
The major characteristic to consider is counting the phases of a 
bus cycle. Internal state variables Pp and P; are the result (see 
Figure 3-149). An additional internal state variable (Iz) is neces- 
sary to count the second bus cycle of an interrupt acknowledge 
sequence. As shown in Figure 3-150, lo in conjunction with 
INTACK allows AS to be asserted only in the first interrupt ac- 
knowledge cycle and DS only in the second. The RESET input is 
used to initialize the internal variables and assert AS and DS. 
Note also that Sp and S; are included in the DS equation to 
prevent DS from being asserted during a halt cycle. 





| Ti | 1 | T2 | T3 | T4 | 11 


moe tttt ttt ttttt(ttt ttt) ttti tt ttt ttt 


66.6ns 


8086 So, $1, S2 Ss 


tl 

oOo 
n 
tl 
~~ 


n 
tt 
Oo 


S=7 


6 fd ro 
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Figure 3-148. Interrupt Acknowledge Timing Diagram 
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The fact that AMD PALs are user programmable allows a 
great deal of flexibility for the designer. Minor timing changes 
are easily implemented by simply adding or changing aterm 
in the logic equations and reprogramming the device. In this 
system, we have timing resolution to 67 ns. This same configu- 


ration can be used with a 24-MHz crystal for 8-MHz CPU chips. 


The logic equations would change because the OSC period 
would be 42 ns. The only hardware change would be the crystal. 


An additional PAL could also perform chip select decoding 
based on both address and status signals. 


Conclusion 


We have seen how a properly programmed PAL can be used 
to replace a specialized bus controller chip and allow an 8086 
CPU to interface directly to Z-BUS peripheral(s) and/or 
memory systems. This brings all the advantages of the supe- 
rior Z8000 peripheral family in terms of both throughput and 
ease of use to 8086 users with no increase in chip count while 
still allowing a wide range of design flexibility. The logic 
diagram and PALASM equations for the AmPAL16R8A 8086 to 
Z-BUS interface chip are shown in Figures 3-151, 3-152, 3-153, 
and Table 3-20. 
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Figure 3-150. 
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PAL16R8 : PAL DESIGN SPECIFICATION 
PATOO4 NICK ZWICK 6/21/82 
8086 TO Z—BUS INTERFACE CHIP 

ADVANCED MICRO DEVICES 

CK RESET CLK /SO /S1 /S2 NC NC NC GND 

/E /PO /P1 /RW /DS /AS /INTACK RDY /12 VCC 


; INTERNAL STATE VARIABLES 


PO s= /RESET* SO*/PO*/P1*/CLK + 
/RESET* S1*/PO*/P1*/CLK + 
/RESET® S2*/PO*/P1*/CLK + 
/RESET*PO*/CLK 
/RESET*P1*CLK* SO 
/RESET*P1*CLK* S1 
/RESET*P1*CLK* S2 


+++ 


Pl z= /RESET*PO*/P1*CLK 
/RESET*P1*/CLK 
/RESET*P1*CLK* SO 
/RESET*P1*CLK* S1 
/RESET*P1*CLK* S2 


++ ++ 


12 s= /RESET* INTACK*/12*@LK*PO*P1 + 
/RESET*12*/P1 + 
/RESET*I2*/PO + 
/RESET#12*P0*P1*/CLK 


3;Z-BUS OUTPUT SIGNALS 
AS := RESET 


/PO*/P1*CLK*/12 
AS*/PO*/I2*/DS 


+ + 


DS := RESET 
/INTACK* /PO*#P1*CLK*SO 
/INTACK*/PO*P1*CLK*S1 
I2* SO* S1* S2 
DS*PO*P1 


tet + 


RW s= AS*SO*/S1 + 
RW*/AS 


INTACK := /RESET* SO* S1* S2 + 
/RESET* INTACK*/12*P1 + 
/RESET*I2 


/RDY s= /RESET*#SO*/S1* S2*/PO*P1 + ;DISABLE READY ON I/O OP 
/RESET*/SO*S1* S2*/PO*P1 


Figure 3-151. Source Listing for the Z-Bus to 8088/8086 Interface 
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TABLE 3-20. FUNCTION TABLE > 
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X 


; INITIALIZE 
H 


C 


CK RESET CLK /S2 /S1 /SO PO P1 12 /AS /DS /RW /INTACK RDY — 


FUNCTION TABLE 
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TABLE 3-20. FUNCTION TABLE (Continued) 


ream ae a 


eee Cae cree tee Yow quest totus Gems Genin GENS (eEn EFA CEU RET GUN Wemne CORSO Gut Gem Sess a OA COLES EN ELAN SLD GE EE ER GNI GE SINS SEY GELY MRD GE Le GI GEE Me GD Gen GmeY GWT GAN SRO Sm KEEN SEND GENS ee Re RENE ERE? SINALD EY 


DESCRIPTION 

THIS DEVICE IS USED FOR INTERFACING THE 8086 CPU DIRECTLY TO THE Z-BUS 
ALLOWING INTEGRATION OF THE VERY POWERFUL Z8000 PERIPHERAL AND MEMORY 
SUPPORT CIRCUITS INTO 8086 SYSTEMS. THE DEVICE IS DESIGNED TO WORK IN 
CONJUNCTION WITH THE Z8127 CLOCK GENERATOR FOR PRECISE TIMING 
RESOLUTION. 
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PALI6R8 © | PAL DESIGN SPECIFICATION 
PATOO4 | NICK ZWICK 6/21/82 
8086 TO Z-BUS INTERFACE CHIP © | | 
ADVANCED MICRO DEVICES 

*D9724 

*FO* 7 Lae 8 
LOOOO 1001 0111 1110 1111 1111 1111 1110 1110 
LOO32 1010 1111 1111 1111 1111 1111 1101 1111 
L0064 1010 1111 1111 1111 1111 1111 1111 1101 
LO096 1010 1011 1111 1111 1111 1111 1110 1110 
L0256 1011 1111 1011 0111 1011 1111 1110 1101 
LO288 1011 1111 0111 1011 1011 1111 1110 1101 
£0512 1011 1111 1011 1011 1011 1111 1111 1111 
LO0544 1001 1111 1110 1111 1111 1111 1110 1111 
LO576 1010 1111 1111 1111 1111 1111 1111 1111 
LO768 0111 1111 1111 1111 1111 1111 1111 1111 
LO800 1101 0111 1111 1111 1111 1111 1101 1101 
L0832 1101 1111 1111 1110 1101 1111 1111 1101 
£1024 0111 1111 1111 1111 1111 1111 1111 1111 
L1056 1111 0111 1001 1111 1111 1111 1110 1101 
L1088 1111 0111 1101 1011 1111 1111 1110 1101 
L1120 1110 1111 1011 1011 1011 1111 1111 1111 
“1152 1111 1111 1111 1111 1110 1111 1110 1110 
L1280 1111 1111 1011 0110 1111 1111 1111 1111 
L1312 1111 1111 1111 1101 1111 1110 1111 1111 
L1536 1011 0111 1111 1111 1111 1111 1101 1110 
L1568 1011 1011 1111 1111 1111 1111 1110 1111 
L1600 1011 0111 1011 1111 1111 1111 1110 1111 
L1632 1011 0111 1111 1011 1111 1111 1110 1111 
L1664 1011 0111 1111 1111 1011 1111 1110 1111 
L1792 1011 1011 1011 1111 1111 1111 1101 1101 
L1824 1011 1011 1111 1011 1111 1111 1101 1101 
L1856 1011 1011 1111 1111 1011 1111 1101 1101 
L1888 1011 1011 1111 1111 1111 1111 1111 1110 
L1920 1011 0111 1011 1111 1111 1111 1110 1111 
L1952 1011 0111 1111 1011 1111 1111 1110 1111 
L1984 1011 0111 1111 1111 1011 1111 1110 1111 
C711D* : 

VOOO1 C1XXXXXXXOXHHXLLHHH1 
vO002 CO0111XXXOXHHHHHHHH1 
VO003 C0O1011XXXOXHHHHLHHH1 
voo004 CO0011XXXOXLHLHLHHH1 
VOO0O5 CO00011XXXOXLHLHHHHH1 
voOO06 CO1011XXXOXHLLHHHHH1 
VO007 C00011XXXOXHLLHHHHH1 
VOO08 CO0011XXXOXHLLHHHHH1 
VO009 CO1011XXXOXLLLLHHHH1 
VO0O10 C00011XXXOXLLLLHHHH1 
VOO11 COQ0111XXXOXLLLLHHHH1 
VO0O12 CO1111XXXOXHHLLHHHH1 
V0O0O13 C00111XXXOXHHLHHHHH1 
VO014 CO0111XXXOXHHLHHHHH1 
VOO15 CO1100XXXOXHHLHLHHH1 
VO016 CO0100XXXOXLHHHLHHH1 
VOO17 CO0100XXXOXLHHHHHHH1 


% oe oe OK OK OK OK Ok ook Ok ok ok Ok oe Ok Ok Ok OK Kk oe ok ok ok ok Ok 


* ok Ke kK OK OK KK KK OK Kk KK OK OK 


Figure 3-152. Fuse Plot and Test Vectors for the Z-Bus to 8088/8086 Interface 


3-198 


vO018 CO1100XXXOXHLHHHHHH1 
VOO19 CO0100XXXOXHLHHHHLH1 
VO020 COO100XXXOXHLHHHHLH1 
VOO21 CO1100XXXOXLLHLHHLH1 
VO022 COO100XXXOXLLHLHHHH1 
V0023 CO0O100XXXOXLLHLHHHH1 
V0O024 CO1100XXXOXLLHLHHHH1 
VO0025 COO100XXXOXLLHLHHHH1 
V0O026 CO0O111XXXOXLLHLHHHH1 
VO027 CO1111XXXOXHHHLHHHH1 
V0028 CO00111XXXOXHHHHHHHH1 
VO0029 CO1000XXXOXHHHHLLHH1 
VO030 COOOOOXXXOXLHHHLLHH1 
VO031 COOOOOXXXOXLHHHHLHH1 
VO032 CO1000XXXOXHLHHHLHH1 
V0033 COOOOOXXXOXHLHHHLHH1 
VO034 COOOOOXXXOXHLHHHLHH1 
V0035 CO1000XXXOXLLHHHLHH1 
VO036 COOOOOXXXOXLLHHHLHH1 
V0037 CO0111XXXOXLLHHHLHH1 
V0O0O38 CO1111XXXOXHHHHHLHL1 
V0039 C0O0111XXXOXHHHHHLHL1 
V0O040 CO0111XXXOXHHEHHLHL1 
V0041 CO1000XXXOXHHHLHLHL1 
VO042 COOOOOXXXOXLHHLHLHL1 
V0043 COOOOOXXXOXLHHLHLHL1 
V0044 CO1000XXXOXHLHLHLHL1 
VO045 COOOOOXXXOXHLHLHLHL1 
VO046 COOOOOXXXOXHLHLHLHL1 
VO047 CO1O00XXXOXLLHLHLHL1 
VO048 COOOOOXXXOXLLHLHLHL1 
V0049 C00111XXXOXLLHLHLHL1 
VOO50 CO1111XXXOXHHHLHLHH]1 
VO0O51 C00111XXXOXHHHHHHHH1 
A334 
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Figure 3-152. Fuse Plot and Test Vectors for the Z-Bus to 8088/8086 Interface (Continued) 
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Columns: Inputs (0-31) 
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Rows: Product Terms (0-63) 
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Figure 3-153. Logic Diagram for 8086 to Z-Bus Interface Using AMPAL16R8 
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3.5.3 AN AMD PAL MULTIBUS ARBITER 


The popularity of bus oriented systems can be traced to their 
low cost, flexibility, and expandability. Expansion is easy 
because a well defined standard enforces compatibility and 
simplifies interfacing. The MULTIBUS is a good example of a 
popular and easily used bus standard. However, all of these 
bus systems require some way of interacting with the other 
devices on the bus. This interaction is generally controlled by 
an arbitration unit. This application note will describe how a 
PAL can be used to construct a custom MULTIBUS arbiter 
which is higher performance and more economical than the 
LSI alternatives. 


Design Requirements 


Since the MULTIBUS can have more than one master trying to 
use the bus at the same time, an arbitration scheme is re- 
quired to ensure correct operation of the system. Prioritiza- 
tion is accomplished by assigning different access priorities 
to the different bus masters. The two implementations avail- 
able to assign priority are serial and parallel. The serial 
method involves a daisy chain of bus grant ins (BPRN) and 
bus grant outs (BPRO) with higher priority devices occupying 
the positions closer to the beginning of the chain (Figure 3-154). 
The parallel method prioritizes the bus requests (BREQ) of all the 
masters and generates a bus grant in (BPRN) to the master of 
highest priority (Figure 3-155). The priority decoder of Figure 
3-155 is easily implemented in a single AmMPAL16L8 (Figure 
3-156). 


The timing requirements for the MULTIBUS are very easy to 
implement and are designed to handle the usual timing prob- 
lems that appear in many systems. Control signals are all ac- 
tive LOW so that unconnected signals don’t interfere with the 











HIGHEST 
PRIORITY 
DEVICE 


normal operation of the bus. All bus arbitration is synchronous 
and all data transfers are asynchronous (see Figure 3-157). The 
only requirement is that an address be valid 50 ns before any 
control signals (read or write) become active. This prevents 
subtle timing problems caused by slow buffer/driver turn-on 
times. 


The arbitration and grant timing (illustrated in Figure 3-158) is 
also straightforward. Transfer requests are sent to the ar 
biters which then decide who gets the bus. If a master device 
is currently using the bus and is ordered off, it is allowed to 
complete its current bus transfer cycle (i.¢., the current word 
or byte only). If the master, which was overruled, still needs 
the bus, it must wait until its priority is high enough to regain 
the bus. 


A typical sequence is initiated when an external request is 
received (SREQ) from a master device. This signal is synchro- 
nized to insure a valid bus request, minimizing the possibility 
of a metastable state occurring. After synchronization, the 
bus priority out (BPRO) line is disabled to signal lower priority 
masters in the chain that a higher priority master wants the 
bus (Serial method). In the parallel method, bus request and 
common bus request (BREQ and CBREQ) are asserted to let 
the other MULTIBUS arbiters know a master wants the bus. 
Now, if the bus is not busy (BUSY is inactive), then the arbiter 
grants the requesting master access to the bus and asserts 
BUSY. The address buffers are enabled at this time, one cycle 
ahead of the read and write signals. When the master re- 
ceives a bus acknowledge (XACK) from the slave device, a 
single transfer cycle has occurred. The bus master then re- 
leases the bus and if it needs to do more transfers, another 
arbitration/grant cycle must take place. 











~ LOWEST 
PRIORITY 
DEVICE 
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Figure 3-154. Serial Priority Resolution 
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Figure 3-155. Parallel Priority Technique _ 03862A-110 
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Figure 3-156. PAL Implementation of Parallel Priority Resolution for MULTIBUS 
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Figure 3-157.b Write AC Timing 03862A-113 
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Figure 3-158. Bus Control Exchange Operation 03862A-114 
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Design Approach 


The first step in actually designing the arbiter was to convert the 


arbitration/grant and control signal sequence into a simple state | 


transition diagram (see Figure 3-159). The state diagram was 
then partitioned into its three basic components: _ 


—requesi/synchronization 
—dgrant/access logic 
—control signals 


The bus request logic decides when to issue a bus request 
using SREQ along with a qualifying read or write request (RD or 
WR). This signal is then fed through a double synchronizer 
(states 1 and 2). This creates an internally stable bus request 








“oui 
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z 
= 
fl it 
oo 





BPRN =1 AND 


OR BUSY =0 
AND RESET =1 


signal for the arbiter state machine (see Figure 3-160). Next, this 
request is fed into a bus grant flip-flop through some intervening 
logic. The intervening logic uses current bus status lines to de- 
termine whether to acquire the bus, give it up after the current 


transfer cycle is complete, or hold the bus (see. grant/access 


logic in Figure 3-161). The final major function is the bus control 
logic. After successful acquisition of the bus, the appropriate 
control signals (MRDC, MWTC, IORC, |OWC) and address buf- 
fer enables must be asserted. In this case, the address buffer 
enable/grant (AEN) line is run through a flip-flop to become a 





_ delayed read/write contro! signal enable (OEN). This gives the 


drivers enough turn-on and setup time (100 ns minimum) for the 
address to stabilize on the MULTIBUS. The bus transfer control 
signal logic is illustrated in Figure 3-162. 


MULTIBUS 
REQUEST 
SYNCHRONIZATION 


RD =0 AND RESET = 1 
OR 
WR =0 AND RESET = 1 


OR 
BPRN =0 AND CBREQ =1 AND RESET =1 


03862A-115 


Figure 3-159. PAL MULTIBUS Arbiter State Transition Diagram 
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Figure 3-160. Request Synchronizer 
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Figure 3-162. Bus Transfer Control 
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The RESET line is run to all the registers to provide a synchro- 


nous reset for arbiter initialization. The full MULTIBUS standard © 


requires a control signal drive capability of 32 mA for all of its 
control lines. The PAL 24 mA drive specification can drive up to 


7 cards on the bus, which is more than adequate for almost all - 


applications. 


A couple of interesting features are available which show the 
flexibility and functionality of PALs in a custom logic design 
such as this. The available MULTIBUS arbiters, like most LSI 
devices, have been optimized for one processor family. Any 
microprocessor (from the Z80 to the 8086, Z8000 or 68000) can 
be interfaced to the MULTIBUS by tailoring the request logic 
of the PAL arbiter. This can result in a significant parts count 
reduction. The MULTIBUS uses open collector drivers for 
several signal lines (BUSY and CBREQ). While PALs don’t 
have open collector drivers, that condition can easily be 





| 


3 
> 


= 
3 





) AmPALi6R4 | 


_ simulated by enabling the output drivers only when the out- 


put is active. In addition, most MULTIBUS arbiters force each 
master to re-arbitrate for access to the bus at the end of each 
data transfer, However, in the PAL arbiter design, if a master 
is executing multiple data transfers and if no master of 
higher priority is requesting the bus then the current master 
can retain the bus and execute more transfers. This reduces 
bus arbitration overhead and increases bus bandwidth. Fi- 
nally, at the completion of all transfers, the current bus 
master normally releases the bus. In this design, if no one 
wants the bus, the last master to use it holds onto the bus on 
the assumption that it is going to be the next user. If it is, ar- 
bitration time is saved. If not, no time is lost. 


Figure 3-163 shows a block diagram of the arbiter and bus 
control logic (which fits into 1/2 of an AMPAL16L8). A complete 
logic diagram and PALASM equations of the AmPAL16R4 are 
shown in Figures 3-164, 3-165, 3-166, and Table 3-21. 
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Figure 3-163. PAL MULTIBUS Arbiter with Bus Control Logic 
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PAL16R4 PAL DESIGN SPECIFICATION 
PATOOS MARK S. YOUNG 6/22/82 
MULTIBUS ARBITER 

ADVANCED MICRO DEVICES 

BCLK /RD /WR /SREQ /RESET /BPRN NC NC NC GND 

/E  /CBREQ /BUSY /SYNC /BPRO /AEN /OEN /BREQ NC VCC 


SYNC := /RESET*SREQ*RD + 
/RESET*SREQ*WR 


BPRO := /RESET*SYNC 

AEN  := /RESET* AEN*BPRO*WR + 
/RESET* AEN*BPRO*RD + 
/RESET*BPRO*BPRN*/BUSY + 
/RESET* AEN*BPRN*/CBREQ 

OEN := /RESET#SREQ*AEN 

IF(BPRO*/AEN) CBREQ = BPRO*/AEN 

IF(AEN) BUSY = AEN 


BREQ = BPRO + 
AEN 


Figure 3-164. Source Listing for the MULTIBUS Arbiter 
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TABLE 3-21. FUNCTION TABLE 


FUNCTION TABLE 


BCLK /E /RESET /RD /uR /SREQ /BPRN SYNC BPRO AEN OEN CBREQ BUSY ‘BREQ- 


eared Gow GAA Enter Caen AOR MRED Gmieme CRs ENO GN Sheer ENED ENED HmTT NETO EE ERO ORNS ERE WED Gre ERED Gets Mp STE UM Cl ee GERM GLEN EN TS GES SIRE GREE CI GREY GY GUE SI GINS SE GT GSE Mota co an mem mee ee meme 


9 

; INITIALIZE + : 

C LoL X X X X L L L LoL L L 
. | 

;WRITE OPERATION | 7 

C L H H H LL. L L L L L LL kL oL 
C L H H L L L H L LL L LoL 
C L H H L L L H H L L dH L H 
C L H H L L L H H H LoL X oH 
C L H H L oL L H H H 4H OL H H 
C L H H L L L H H H H L H H 
C L H H L L L H H HH 4H L H H 
C L H H H L L L H H H L H H 
C L H H H 4H L L L H LoL H H 
; 

;REMOVE THE ARBITER FROM THE BUS 

C L H H H 4H H L L L L iL L L 
3 

;READ OPERATION (WITH BUS CONTENTION) 

C L H H H L L L L L Lob H L 
C L H L H L L H L L LoL H L 
C L oH L HL L H H L L 4H H H 
C L He. L H.-L L H H L L 4H H H 
C L 4H L H L L H H L L 4H H H 
C L H L H LL H H H L L- X H 
C L H L H L L H H H H L H H 
C L H L H L L H H H H IL H H 
C L H L H L L H H H H LL H Hq. 
C L 4H L H L L H H H H L H H 
C L H H H L L L H H 4H L H H 
C L H H H 4H L L L H L L H H 
DESCRIPTION 


THIS DEVICE IS A MULTIBUS ARBITER. IT SUPPORTS BOTH SERIAL AND PARALLEL | 
BUS ARBITRATION SCHEMES. INTERNAL SYNCHRONIZATION LOGIC MINIMIZES THE 
POSSIBILITY OF METASTABLE CONDITIONS. THE GRANT/ACCESS LOGIC HAS BEEN 
DESIGNED TO MINIMIZE BUS ARBITRATION OVERHEAD. THE TRANSFER CONTROL 
LOGIC HAS BEEN DESIGNED TO ALLOW INTERFACING A WIDE VARIETY OF 
PROCESSORS TO THE MULTIBUS. 
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PALI6R4 PAL DESIGN SPECIFICATION 
PATOO5 MARK S. YOUNG 6/22/82 
MULTIBUS ARBITER 

ADVANCED MICRO DEVICES 

*D9724 

*FO* 

LO256 1111 1111 1111 1111 1111 1111 1111 1111 
LO288 1111 1111 1111 1111 1110 1111 1111 1111 
LO320 1111 1111 1111 1110 1111 1111 1111 1111 
LO512 1111 1111 1011 0110 1111 1111 1111 1111 
LO768 1111 1011 1111 0110 1410 1111 1111 1111 
LO800 1011 1111 1111 0110 1110 1111 1111 1111 
LO832 1111 1111 1111 0111 1010 1111 1101 1111 
LO864 1111 1111 1111 0110 1011 1111 1111 1101 
L1024 1111 1111 1111 0111 1111 1110 1111 1111 
L1280 1011 1111 1011 0111 1111 1111 1111 1111 
L1312 1111 1011 1011 0111 1111 1111 1111 1111 
L1536 1111 1111 1111 1110 1111 1111 1111 1111 
L1568 1111 1111 1111 1110 1111 1111 1111 1111 
L1792 1111 1111 1111 1101 1110 1111 1111 1111 
L1824 1111 1111 1111 1101 1110 1111 1111 1111 
C3602* 

VOOO1 CXXXOXXXX0011HHHHHX1 
vooo2 C11010XXX001 1HHHHHX1 
VO003 C10010XXX0011LHHHHX1 
voo04 C10010XXXOOL1LLHHLX1 
VOOO5 C10010XXX001XLLLHLX1 
VOO06 C10010XXXO01LLLLLLX1 
VO007 C10010XXXOO1LLLLLLXi 
Voo08 C10010XXX001LLLLLLX1 
VO009 C11010XXXOO1LHLLLLX1 
VOO1O C11110XXX001LHHLHLX1 
VOO11 C11111XXX001 JHHHHHX1 
vO0O12 C11010XXX0010HHHHHX1 
VO0O13 CO1010XXX0010LHHHHX1 
voo14 CO1010XXXOOLOLLHHLX1 
VOO15 CO1010XXXOOLOLLHHLX1 
VO016 CO1010XXXOOLOLLHHLX1 
VOO17 CO1010XXXO01XLLLHLX1 
VOO18 CO01010XXXO01LLLLLLX1 
VO0O19 CO1010XXXOO1LLLLLLX1 
VO020 CO1010XXXOO1LLLLLLX1 
V0021 CO1010XXX001LLLLLLX1 
Vo022 C11010XXX001LHLLLLX1 
nee C11110XXXOO1LHHLHLX1 
548 


*k ok ok ok ok KK OK OK KK KK OK OK 





Kk Ok Ok Kk Ok Ok Kk Ok KK KK OK KK OK OK KK OK OK OK OK OK OK 


Figure 3-165. Fuse Plot and Test Vectors for the MULTIBUS Arbiter 


3-209 


Columns: Inputs (0-31) 
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Figure 3-166. Logic Diagram for MULTIBUS Arbiter Using AmPAL16R4 
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3.5.4 VME BUS CONTROL 
SIMPLIFIED WITH PLDS 


A High-Performance Bus 


The VMEbus is a high-performance asynchronous bus capa- 
ble of supporting multiple 16- and 32-bit processors. Its 
asynchronous nature permits easy implementation of hard- 
ware controllers that reduce the time required for bus control 
tasks such as bus arbitration. By offloading these tasks to 
hardware, bus arbitration time is minimized which conse- 
quently maximizes the overail bus transfer rate. 


This article describes PLD implementations of two such con- 
trollers in.a typical VMEbus system: the bus arbiter and the 
; interrupter that comply with the VMEbus protocol. These state 
riachines use to require multi-chip designs consisting of se- 
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PROCESSOR/ 
MASTER 2 







ADDR/ 


ADDR/ 
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quencers, microprogrammed control stores, and other MSI/LSI 
chips. By using the AmPAL22V10 programmable logic device 
(PLD), you can reduce substantially the number of chips 
needed for these state-machine implementations. 


Functional Modules 


A typical VMEbus-based computer system contains a bus ar- 
biter and an interrupt handler board. A processor/master in- 
itiates a data transfer to a slave by requesting control of the 
data bus from the bus arbiter. Once bus control has been 
granted to a master, control signals to and from the master and 
slave are exchanged which follow predefined protocols. These 
protocols guarantee an orderly transfer of data between the 
communicating modules. Interrupt servicing capability is 
provided by the interrupt handler board (see Figure 3-167) 
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AmPAL22V10 
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Figure 3-167. Intermodule Communication Through Am29PL141 (FPCs) and PLDs in a VMEbus System 
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Steps in Designing the Bus Controllers 


VMEbus protocols outline the steps to perform any bus-related 
operation, such as transferring data over the bus between two 
modules. These protocols are described using flow diagrams 
with interactions between the communicating modules shown 
through various interface signals. For example, the priority bus 
arbiter flow diagram (Figure 3-168) shows how bus requests 
between two modules using the same request line are 
resolved. 


The flow diagrams are analyzed to pick out the functions that 
can be incorporated into PLDs, and then state machines are 
created for these functions. These state machines can be 
described logically, or with flowchart symbols such as rectan- 
gular blocks (to symbolize events or control signals) and deci- 
sion diamonds (to determine control program flow). Logic 
equations are then written for these state machines. 


This methodical process is used in designing the two PLD- 
based VMEbus controllers: the bus arbiter and interrupt hand- 
ler controller. 
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APLD Bus Arbiter 


Before any module can perform a data transfer, it must request 
control of the data transfer bus from the bus arbiter. This 
design uses a priority option bus arbiter implemented ona 
single AmPAL22V10 that monitors the four bus request lines 
BRO-3(L), with BR3(L) assigned the highest priority. 


Based on the flow diagram (Figure 3-168), the arbiter grants: 
the bus to the requesting module using the highest active re- 
quest line, in. this case BR1(L). A bus grant signal is daisy- 


‘chained to-all the devices using this request line to resolve 


simultaneous bus requests from two or more modules. This 
dictates that the arbiter be in the first slot of the VMEbus sys- — 
tem, and that the module physically closest to the arbiter 
through the daisy-chain will get the bus grant. 
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Figure 3-168. Bus Arbitration Flow Diagram for Two Bus 
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All bus requests are processed in parallel by the-AND-OR 
array of the PLD. This allows priority arbitration to occur in a 
single clock cycle, which. minimizes arbitration time and max- 
imizes the data transfer rate on the VMEbus. | 


When the bus is free, the module using the highest active bus 
request line is granted the bus. This is described with Boolean 
logic notation where registered outputs are defined with ':=’: 


IF (/BBSY*(BRO+BR1+BR2+ 
BR3)) THEN BEGIN _ 
IF (BR3) THEN 


if bus not busy and a 
request line is active | 
if BR3 is active, grant 


BGSIN := bus to device on BR3 
IF (/BR3*BR2) THEN activate bus grant 
BG2IN := 1; daisy chain 2 
IF (/BR3*/BR2*BR1) THEN | if BR1 is active and BR3 
BGI1IN := 1; and BR2 are not, then 


grant bus to device 

using request line 1 
BRO-3 and BGOIN to 

BGSIN are active low 


IF (/BR3*/BR2*/BR1*BRO) 
THEN BGOIN := 1 ; 
END ; 


The AMPAL22V10 can be programmed with normal or inverted 
outputs and the logic software can support active high or low 
input polarities. 


BGiIN(L) is asserted until the requesting module asserts 
BBSY(L). This is defined in logic equation form as: 


F (/BBSY*BG1IN) THEN 
BGIIN := 1; 


continue asserting 
BG1IN until BBSY 
becomes active 


Priority Arbitration Options 


It may be necessary for the arbiter to force the current bus 
master to relinquish bus control for certain conditions, such as 
if a higher priority operation must be attended to. This is done 
by asserting the bus clear signal BCLR(L) based on the priority 
of the bus current bus master and the bus clear conditions. 


The PLD arbiter keeps track of the current bus master’s priority 
by recording which bus request line was used to gain control of 
the bus. For example, two output registers called BUS_ 
MASTER will be set to the binary value “2” if the current bus 
master used BR2(L) to gain control of the bus. 


In this design, BCLR(L) will be activated under two conditions: 


1. If BUS_MASTER is 2,1 or 0 and the active bus request 
lineis3or2  — | 
2. If BUS_MASTER is 0, and any bus request line is active. 


When BUS_MASTER is 3, then the arbiter will not honor any 
bus requests until the bus busy line BBSY(L) is low. The above 
conditions are expressed logicaily as: 


IF (BBSY*(BRO+BR1+BR2+BR3)) THEN 
BEGIN IF (BR3*( (MASTERT1:0] = 3) ) ) THEN. 
BCLR := 1; “assert BCLR if MASTER <> 3” 
IF (/BR3*BR2*( (MASTER[1:0] = 3) ) ) THEN 


_ BCLR := 1; 
F (MASTER{[1:0] = 0) THEN 
BCLR := 1; 
END; 


Once the BCLR(L) line is active, then it should be held until the 
current bus master releases BBSY(L). This is logically ex- 
pressed as BCLR = BCLR*BBSY, or in a high-level syntax, 


F (BCLR*BBSY) THEN 
BCLR := 1; 


The BCLR(L) signal is defined such that uninterruptible 
devices use BR3(L). Devices that can be temporarily 
suspended to accommodate interrupts and higher-priority op- 
erations are assigned to bus request line 0. The BCLR condi- 
tions will vary with your application, but any modifications will 
only require redefinitions of the high-level logic expressions. 


The AmPAL22V10 is ideal as the bus arbiter because of the 
input/output signal requirements and the large number of prod- 
uct terms needed to logically define the bus grant and bus clear 
signals. 


Processing Interrupts 


When real-time or urgent response is needed by a processor, it 
generates an interrupt request signal and waits for the interrupt 
acknowledge signal IACK(L) and IACKIN(L) daisy-chain sig- 
nal. A 3-bit value is then read from the VMEbus when the data 
strobes are active; this value indicates which interrupt request 
line was acknowledged. These 3-bits are decoded to deter- 
mine if it matches the processor's request level. 


If the interrupt is acknowledged, then the interrupting proces- 
sor puts its status or ID byte on the data bus for the interrupt 
handler. This data is used by the interrupt handler as an inter 
rupt vector. This processor can then wait in a loop until the 
IACK(L) signal from the interrupt handler is driven HIGH to 
signify interrupt service completion. 


Interrupt Handling: The interrupt Handler 


Preprocessor (IHP) 


To handle external I/O or special system events (e.g., timeout, 


- overflow), interrupts are supported on the VMEbus through an 


interrupt handler (IH) module. 


The logic complexity of the IH (See VMEbus Architecture) is 
reduced by offloading some of the initial interrupt recognition 
tasks to a PLD. An AmPAL22V10 can be programmed as an 
IHP to preprocess interrupt requests, obtain the bus and han- 
dle data transfers (such as interrupt acknowledge signals). 
Control is passed to the interrupt handler only when the IHP 
latches the interrupt vector. 
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Interrupt request processing, bus acquisition, and the interrupt 
vector transfer phase are all specified using logic equations 
which are written using a high-level Boolean notation. The Am- 
PAL22V10 monitors seven interrupt request lines and five 
other control inputs, and generates ten registered outputs to 
send control signals to the interrupt handler and the VMEbus 
drivers. 


Interrupt Logic 


All interrupt request lines are monitored according to the fol- 
lowing logic equation: 


IF (IR1 + IR2 + IR3 + IR4 + IR5 + IR6 + IR7) THEN 
BR3 := 1; this interrupt handler uses 
the BR3 request line 


If any of the interrupt lines are active, then BR3(L) is asserted. 
This initiates the bus acquisition phase. 


The next step is to wait for the bus grant in signal. Only when 
BGIN3(L) is active will BBSY(L) be active. This is expressed 
logically as: 


IF (BR3*/BG3IN) THEN — 


BR3 := 1; fe eben ee eet A 
IF (BR3*BG3IN + BBSY*/SERVICE_DONE) 
"THEN ——— [B] 
BBSY := 1; 


Equation [A] continually asserts BR3(L) as long as BGSIN(L) is 
not active, while [B] asserts BBSY(L) only when request line 
BR3(L) and BGSIN(L) are active, or if service has not been 
completed once the IHP asserts BBSY(L). 


When the IHP is the bus master, it puts the 3-bit interrupt-line 
acknowledge value on the bus and applies the data strobes. 
When the DTACK(L) signal is received from the interrupter, the 
IHP then strobes the status byte from the bus into a register on 
the interrupt handler card. The IHP informs the interrupt hand- 
ler that a status/ID byte is ready and to commence interrupt 
servicing. 


The !HP takes only a single clock cycle to resolve interrupt 
priorities because all interrupt/input signal lines are processed 
in parallel by the PLD. This is expressed in a logic description 
language as follows : 


IF (BBSY) THEN 





BEGIN 
(1) IF (IR7) THEN IR7 was active 
INTR[2:0] := 7 ; 3-bit value acknowledging 


interrupt line 7 


IF (/IR7*IR6) THEN IR6 active, IR7 inactive 


INTR[2:0] := 6 ; acknowledge interrupt line 6 
IF (/IR7*/IR6*IR5) THEN IR5 highest priority 
interrupt line active 


INTR[2:0}] := 5 ; 


(2) IF (/IR7*/IR6*/IR5*/iR4*/IR3*/IR2*1R1) THEN 
INTR[2:0] := 1; | acknowledge interrupt line 1| 
END; 


As noted above, if both the IR7(L) and BBSY(L) signal are 
active in (1), then regardless of the value of the other interrupt 
lines, the 3-bit value generated will be “111” or 7. In (2), if 
IR1(L) and BBSY(L) are active and the other six control signals 
are inactive, then the 3-bit output value will be “001” or 1. In 
(2), IR1(L) is the highest priority line active. 


The remaining preprocessing involves completing the interrupt 
vector byte transfer. This is logically expressed as: 


IF (BBSY) THEN 
BEGIN 
IACK := 1: 
(X) IF (DTACK) THEN 
LATCH_STATUS := 1: 


begin interrupt acknowledge 
daisy chain; if device sends 
data transfer acknowledge 


END; (DTACK) signal, then latch 
IF (IACK) THEN the status 
AS := 1; | assert the address strobe signal to inform 


the interrupter that the interrupt 
acknowledge level is ready 





Once the 8-bit status or ID byte is transferred successfully via 
the DTACK(L) signal (X), the IHP PAL device informs the inter- 
rupt handler module to begin the interrupt service routine: 


IF (BBSY*LATCH_STATUS +BBSY*START_SERVICE” 
/SERVICE_DONE) THEN 
START_SERVICE := 1; 


In this design, the START_SERVICE signal is constantly as- 
serted until the interrupt handler generates a SERVICE_DONE 
signal, at which point START_SERVICE is brought LOW. The 
above equations will generate the timing diagram in Figure 
3-169. 
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Figure 3-169. Timing Diagram 
Controller Design Simplified need only analyze the bus protocols, convert these into state 
with Development Tools machines and then write assembly language programs or high- 
__ level logic equations to describe these state machines. The 
The task of programming FPCs and PLDs as VMEbus control- assembler and logic software will then process these programs 


lers is simplified with the development tools. The designer § and equations to fit into the FPC or PLD. 
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DEVICE ARBITER (AMPAL22V10) ™ VMEbus Priority Arbiter Option IF (BG3IN*/BBSY) THEN 


For this application, if the bus is busy, then bus requests will be BG3IN := 1; 
deferred until the BBSY(L) (bus busy line active LOW) goes HIGH, IF (BG2IN*/BBSY) THEN 
unless the bus request is of a higher priority. In this case, the BG2IN := 1; 
bus clear signal BCLR(L) is asserted and the current bus master IF (BG1IN*/BBSY) THEN 
relinquishes control. If the bus is free and 2 or more masters BGIIN := 1; 
request service, then the bus is granted to the master with the IF (BGOIN*/BBSY) THEN 
higher priority request line. " BGOIN := 1; 
PIN CLK = 4 IF (BG3IN*BBSY) THEN " when requester responds with BBSY active, then " 
/BBSY =2 MASTER[1:0] := 3; "™ MASTER is set to the line currently controlling" 
/BRO = 3 IF (BG2IN*BBSY) THEN " the bus; this is used internally for future 
/BR1 = 4 MASTER[1:0] := 2; " bus priority resolution " 
/BR2 =5 IF (BGTIN*BBSY) THEN 
/BR3 = 6 MASTER[1:0] := 1 ; 
IF (BGOIN*BBSY) THEN 

/BCLR = 23 MASTER[1:0}] := 0; 

/BGOIN = 22 

/BG1IN = 21 IF (BBSY) THEN '" when bus busy, then remember current bus master line " 

/BG2IN = 20 MASTER[1:0] := MASTER[1:0] ; 

/BG3IN = 19 

MASTER{[1:0) = 18,17; “if a higher priority bus request occurs and the bus is busy, then begin 
bus resolution (by using bus clear BCLR) under the following conditions : 

BEGIN - if BR3 and present bus master is not using bus line 3; ji.e., once a device 

"if a bus request occured and bus = free, then activate the bus grant in uses BR3, then no one can force it to relinquisn the bus or 

line corresponding to the highest priority bus request line " - if BR2 and present bus master is not 3; i.e., BR2 can assert bus clear 
except when the presetn bus master obtained the bus using bus line 3 or 

IF (/BBSY*(BRO+BR1+BR2+BR3)) THEN - if BR1 and the bus master obtained the bus using bus request line 0, then 

BEGIN assert BCLR 
IF (BR3) THEN 
BG3IN := 1; ==> if BRO is activated when the bus is busy, then do not assert BCLR; BRO 
IF (/BR3*BR2) THEN devices cannot force anyone off the bus. This is one possible priority 
BG2IN := 1; implementation. 
IF (/BR3*/BR2*BR1) THEN an 
BGIIN := 1; IF (BBSY*(BRO+BR1+BR2+BR3)) THEN “if a bus request occured and bus = busy" 
IF (/BR3*/BR2*/BR1*BRO) THEN BEGIN 
BGOIN := 1; IF (BR3*(/MASTER(1]+/MASTER[O])) THEN "if BR3 and present master is not " 
END ; BEGIN 
BCLR := 1; " using line 3, then assert BCLR " 
" while the bus grant in line is active and the bus is still busy, IF (BCLR*BBSY) THEN 
then latch the bus grant signals until BBSY(L) becomes active" BCLR := 1; 
END; 


Figure 3-170. PLPL Specifications for the Example of Figure 3-167 (1 of 4) 
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IF (/BR3*BR2*(/MASTER [1] +/MASTER [0] )) THEN 
BEGIN . 
BCLR := 1; 
IF (BCLR*BBSY) THEN 
BCLR := 1; 
END; 
IF (/BR3*/BR2*BR1*/MASTER [1] */MASTER [0] ) THEN 
BEGIN 
BCLR := 1; 
IF (BCLR*BBSY) THEN 
BCLR := 1; 
END; 
END ; 
END. 
“Test vectors used for simulation and testing" 
TEST VECTORS 


IN CLK , /BBSY , /BRO , /BR1 , /BR2 , /BR3 ; 
OUT /BCLR , /BGOIN , /BG1IN , /BG2IN , /BG3IN , MASTER[1:0] ; 


BEGIN 
© LL LL fl [ 
"cbbbbb bbbbbmm* 
else Per e¢ggggss" 
"k yO123 rd0123 10" 
[| a i ee ue 
c10111 XXXXXXX; 
coi1111 XXXXXXX; 
c11111 XXXXXXX; 
ci%i1001 XXXXXXX; 
co1111 XXXXXXXK; 
co1110 XXXXXXX; 
co01110 XXXXXXX; 
€01110 XXXXXXX; 
c11110 XXXXXXX; 
c11110 XXXXXXX; 
C4 111-0 XXXXXXXK; 
e0:T 1-14 XXXXXXXK; 
co0o0111 XXXXXXX? 
-€00111 XXXXXXX;Z 
co1011 XXXXXXX;F 
co1101 XXXXXXX;: 
co1110 XXXXXXX ; 
END. 


Figure 3-170. PLPL Specifications for the Example of Figure 3-167 (2 of 4) 
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DEVICE INTR_HND_CTRLR (AMPAL22V10) " VMEbus interrupt handler preprocessor 


This PAL serves as an interface between the interrupt servicing logic in the 

interrupt handler and the bus arbiter: when an interrupt is detected, the 

PAL requests the bus from the arbiter. When the bus is granted, the bus 

busy BBSY(L) is asserted. The 3 bit code corresponding to the highest 

priority interrupt request is put on the bus, and both IACK(L) and AS(L) 

are also asserted. The PAL waits for DTACK(L) LOW and then latches the 

status/ID byte. The START SERVICE signal informs the interrupt handler 

to begin the interrupt service sequence with the status/ID byte latched in. 

Note : this interrupt handler interface PAL handles all interrupts using 
bus request line BR3; this is application-dependent " 


PIN 

CLK = 4 

/IR1 =2 "interrupt request lines 1 to highest priority 7" 
/IR2 = 3 

/1R3 = 4 

/1R4 = 5 

/1R5 = 6 

/1R6 = 7 

/IR7 = 8 

/DTACK = 9 "data transfer ack; used by interrupter to indicate 

status/ID data byte ready on bus " 
/BG3IN = 10 "bus grant in signal from arbiter" 
‘SERVICE_DONE = 13 "signal from interrupt handler indicating 
service complete" 

LATCH STATUS = 23 "Latches data from bus for interrupt service routine" 
/BBSY = 22 "bus busy" 

/TIACK = 21 "interrupt acknowledge" 

/AS = 20 “address strobe" 

/BR3 . = 19 “bus request signal to bus arbiter" 

GET BUS = 18 "used internally by PAL " 

INTR [2:0] = 15:17 "3-bit level code put on bus " 


START SERVICE = 14 ; “sent from PAL to intr handler " 


BEGIN 


"if any interrupt request line. is active, then try getting the bus. All the 
interrupts handled by this PAL will use the bus request line BR3. A 
“request can occur only when no other interrupt is being serviced (j.e., 
bus should not be busy and bus grant in should not be active) " 


IF (/BBSY*/BG3IN*(IR1 + IR2 + IRS + IR4 + IRS + IR6 + IR7)) THEN 
BEGIN 
GET BUS := 1; 
BR3 := 1; "subject to application" 
END ; 


"if interrupt handler wants the bus, the bus grant line is still inactive, 

and the interrupt request is still active, then continue requesting the bus " 

IF (GET BUS*BR3*/BG3IN*(IR1 + IR2 + IR3 + IR4 + IRS + IR6 + IR7)) THEN 
BEGIN 
BR3 := 1 
GET_BUS : 
END; 


GET BUS ;_ 


"if bus grant in line is active, then assert the bus busy signal" 
IF (GET _BUS*BG3IN + BBSY*/SERVICE DONE) THEN 
SBSY := i; 


"if interrupt handler received bus, then acknowledge the interrupt" 
IF (BBSY) THEN 


BEGIN 
IF (/START SERVICE) THEN 
IACK := 1; 


IF (DTACK) THEN "when the interrupter responds with DTACK(L), then " 
LATCH_STATUS := 1; "latch the status/ID byte into the interrupt handler" 


IF.CIR7) THEN 
INTR(2:0] := 7; "IR7 line is highest priority" 
IF (/IR7*IR6) THEN 
INTR(2:0] := 6; 
IF (/IR7*/IR6*IR5) THEN 
INTR(2:0] := 5 ; 
IF (/ER7*/IR6*/IR5S*IR4) THEN 
INTR(2:0] := 4; 
IF (/IR7*/IR6*/IR5S*/IR4*IR3) THEN 
INTR([2:0] := 3; 
IF (/ER7*/ITR6*/IRS*/IR4*/IR3*IR2) THEN 
INTR([2:0] s= 2 ; 
IF (/IR7*/TR6*/IR5*/IR4*/IR3*/IR2*IR1) THEN 
INTR(2:0] := 1; "IR1 Line is lowest priority" 
END; 


Figure 3-170. PLPL Specifications for the Example of Figure 3-167 (3 of 4) 
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IF CIACK*/AS + IACK*/DTACK) THEN “hold the interrupt acknowledge level until" 
INTR(2:0) := INTR(2:0] ; "strobed by address strobe signal or until 
the interrupter acknowledges the 3-bit 
level with DTACK " 


"if the IACK line is active and interrupt servicing has not yet begun 
activate the address strobe Line AS " 
IF CIACK*/START_SERVICE) THEN 
AS :=1; 


’ Mgend the start service signal until service is done" 
IF (BBSY*LATCH STATUS + BBSY*START: SERVICE*/SERVICE DONE) THEN 


START_SERVICE := 1 ; 
END. 


TEST_VECTORS | 

IN CLK , /IR1., /IR2 , /IR3 , /IRG , /IRS , /IR6 , SIRT, 
/DTACK , /BG3IN , SERVICE_DONE; | 

QUT START SERVICE , GET BUS , INTRI2:0] , LATCH_STATUS , 
JAS, STACK , /BBSY , /BR3 ; 

BEGIN , 

Jit ® 


"C///S//74407/ S | SGTITL 
"LITIITIIITIDB R | RENNNTAIBB ® 
"KRRRRRRRTG V | VITTTCSABR * 
" 1234567A3 D | CBRRRH CS3 " 
" cr Nn | EU210 KY * 
" KN E | ss K 
c111101111 0 XXXXXXXXXX ;: 
c111101110 0 XXXXXXXXXX 
c111101111 0 XXXXXXXXKXX ? 
c111111111 0 XXXXXXKXKXXX ; 
c111111111 «0 XXXXXXXXXX ; 
c111111111 0 XXXXXXXXXX 
c111111101 0 XXXXXXXXKXX ; 
c111111111 0 XXXXXXXXXX 
c111111111 0 XXXXXXXXXX ; 
c111111111 «0 XXXXXXXXXX ; 
c111114411 1 ¥XXXXXXXXX ; 


END. 


Figure 3-170. PLPL Specifications for the Example of Figure 3-167 (4 of 4) 


3.6 MISCELLANEOUS 
LOGIC FUNCTIONS 


3.6.1 8088 TO Am2968 INTERFACE 
Introduction 


This application note describes the implementation of a timing 
generator which interfaces between the 8088 and the Am2968 
Dynamic Memory Controller (DMC) using programmable logic 
and a delay line. The implementation does not account for any 
error detection and correction (EDC) circuitry. 


The timing generator, like the Am2970, is needed in memory 
systems utilizing a dynamic memory controller. It serves as an 
interface between the processor and the controller and gener- 
ates the necessary control signals for the controller. 


A dynamic memory controller, in brief, interfaces between a 
processor and the dynamic memory array. It steers the appro- 
priate address inputs and Row and Column Address Strobes 
(RAS and CAS) required in the selected memory operations 
(i.e. refreshing, read/write). 


The following sections will introduce and illustrate the imple- 
mentation of the timing generator using AMD’s 20-pin PAL 
devices, and also show its interface to AMD’s Am2968 (DMC) 
and Intel’s 8088 processor. Figure 3-171 shows the block dia- 
gram of the interface. Programmable logic was chosen be- 
cause it is readily available, simple to use and reduces the 
number of devices required to implement specific functions. 


Interface Overview 


The implementation of this timing generator is not a general 
purpose application. It is dedicated specifically to a particular 
processor, the Intel 8088, and is limited to accessing only four 


banks of memory. The range of the four banks of memory is 
therefore 1 Mbyte—with 256K in each bank. This limitation is 
set by the fact that no additional decoding circuitry has been 
added. Decoding is done with the two address lines (A18-A19) 
of the 8088, thus allowing only four banks to be selected. 


The clock to the 8088 and the two PAL devices is provided by 
the 8284A. The CLK signal from the 8284A is connected di- 
rectly to the CLK input of the 8088 and also to CLK of RASER 
(PAL16R4). The PCLK of the 8284A connects to the PCLK 
input of HLDR (PAL16R6) to operate the 6-bit counter. Note 
that the clock operates on a 1/3 and 2/3 duty cycle. 


Description of PAL Device Function 


The function of RASER (PAL16R4) is to create RASI (Row 
Address Strobe) and CASI (Column Address Strobe) at the 
appropriate time. RASI is generated directly from the device, 
whereas CASI is generated from MRASI via a delay line. Fig- 
ure 3-172 shows the timing delays between the controller and 
processor interface signals. The two modes of operation which 
the timing is focused on is Refresh w/o Scrubbing and 
Read/Write. By toggling the state of the mode control pin MC1 
to either a LOW or HIGH respectively, and with MCO tied LOW 
(at the Am2968), the desired mode is generated. The mode 
control pin MC1 is generated based on the state of the proces- 
sor’s interface pins: |0/M, DT/R and SSO. The combination of 
these signals decodes the processor's current bus cycle and 
indicates the ongoing memory activity (for more detail see 
intel’s Microprocessor Handbook). The MUX Select pin 
(MSEL) is also generated from the delay line. It determines 
whether a Row or Column address is sent to the memory 
address input based on the mode control inputs, MCO and 
MC1. 
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Figure 3-171. Am2968 to 8088 Interface Block Diagram 
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Figure 3-172. Interface Timing 


A two-bit counter implemented internal to the (PAL16R4). 


RASER is used to keep track of the internal state of RASI 
during the Read/Write or Refresh operations. In a normal 
memory Read/Write operation, the appropriate RASn outputs 
from the DMC will be activated in response to RASI going 
HIGH, as shown in the memory timing in Figure 3-175, during 
this time ALE initiates the cycle. In Refresh mode, receiving 
RASI will force all the RASn outputs of the DMC to go Low. 
FALE initiates the refresh cycle, since no ALE occurs during 
this time, as shown in refresh timing of Figure 3-175. The 
counter is also configured such that, during memory opera- 
tions, sufficient time has been allotted within the cycle for RAS 
precharge (required in DRAMS) to occur. 


b) HLDR (PAL16R6) 


The function of the (PAL16R6) HLDR is to generate the two 
signals—FALE (False Address Latch Enable) and HLD (Hold). 
FALE controls the internal latches (ALS and ALR) of the 
(PAL16R4) RASER and initiates the refresh cycle independent 
of the processor’s ALE (Address Latch Enable) signal. 
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The (PAL16R6) HLDR is essentially a 6-bit counter that gener- 
ates 64 T-Clock cycles for the Intel 8088 processor. When a 
hold request (HLD) is made and a hold acknowledge (HLDA) is 
received from the processor, FALE wiil be generated for the 
(PAL16R4) RASER to initiate the refresh cycle. Refresh is per 
formed every 8 ys which is double the required frequency. This 
time is derived in the Refresh Calculations section of this appli- 
cation note. The 8088 processor allows request only at the end 
of the bus cycle. A bus cycle duration is 4 T-Clocks, thus 
refresh is performed at cycles “60-63” as noted in the function 
table in the HLDR design specification. Figure 3-172 refresh 
timing shows this critical portion of the timing activity when 
RASI is generated for refresh. During CLK (0 - 0°), (this cor 


‘responds to PCLK count value 62), the processor acknowl- 


edge is received and RASI becomes active. While RAS! is 
HIGH, the internal 2-bit counter will cycle through its count 
sequence (0* - 3*); at the end of the sequence as indicated by 
PCLK count value 63 (i.e., CLK 3"), RASI will become inactive. 
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PALL6ER4 | 2968 TO 8088 I/F 
RASER G.R. SPEARS 7/6/84 
VER .001 7 AMD BELLEVUE.WA 


CLK RES ALE FALE IOM DTR SSO CLK2 NU2 GND 
TRI MRASI RASI /MCl NC /B /A /ALR /ALS vcCc 


ALS = FALE*/ALE*/ALR + RES 
ALR = /A*B*/ALS + A*/ALS 
/RASI = /A*/B*/RES + RES*CLK2 


/MRASI = IOM*/DTR + IOM*DTR + /IOM*DTR*SSO + 
| /A*/8B 


A := /A®/RES*/ALS + /A*/RES*ALE 
B := A*/B*/RES*/ALS + /A*B*/RES*/ALS 


MC1] := IOM*#/DTR*ALE*/RES + DTR*SSO*ALE*/RES + 
IOM*DTR*/SSO*ALE*/RES + MC1*/ALE*/RES 


FUNCTION TABLE 


CLK CLK2 ALE FALE IOM DTR SSO MRASI RASI /MCl /ALR /ALS /B /A 


7c Oc A F =I D Ss ™”M R J sf sf f 
iL L Bb A Oo vf S =R A M A A =B 
7K XK E Lb MM RO A S ec LiEL 

; 2 E WS 1 R 8 

; I 


/ 
A 


RES 


wr a 


MOUMAHMAPMArMarmaHeMmAN 
D6 DE De DE DE DE DE DE DE DS DED DE DE DE DE DK DE DE-DE DE DM 
Si si st:-t--t:-1s) sisi sisi si al alalel i aeons 
Dag Sup gag Sah Sad Sah a a dad sd sss toto ee 
Poe BeBe 8-8: Pode denetel «lal alalsl stoi a3 = 
Ca---t--#--2:-2----folol al al af sl al 9 0 90 of of of 2 
sal ail ai ai afl oi 3) oi afl a) 0 a} a0 a) a) a0 of a) a0 of 
Sialalalalalelat: t-- 4-1-7 4 islalsl to 
DSS ee ODS ttt og 
eeereteled: f: 0-4-0: 0-8-0: 2--2-e ee eee 
SN al si ol ott: t--T ola oi aio) al i sit tt eT 
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alal-t--3- Edel alclelalsl- 3-2-3 


Figure 3-173. Source Listing for the 8088 to Am2968 Interface (AmPAL16R4) 
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END 


Figure 3-173. Source Listing for the 8088 to Am2968 Interface (AmPAL16R4) (Continued) 
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PAL16R6 se ? 2968 TO 8088 I/F 
HLDR 7 : G.R. SPEARS 7/6/84 


VER .000 | : | AMD BELLEVUE.WA 


PCLK RASI MRASI HLDA RES CLK MCl NU2 NU3 GND 
TRI /FALE /F /E /D /C /B /A HLD Vcc 


A: = /A*/RES*MC1l 
Bs = A*/B*/RES*MC1 + /A*B*/RES *MC1 
C: = A*B*/C*/RES*MC1] + /B*C*/RES*MCl + /A*C#/RES*#NCL 


D: = A*B*C*#/D*/RES*MCl + /C*D#/RES*MCl1 + a aa + 
/A*D*/RES*#MC1L 


E: = A*B&CeD*/E*/RES*MC1] + /D*E*/RES*MCl] + /A*E®/RES*MC1 + 
/B*E*®/RES*MC1] + /C*E*/RES*MC1l 


Fs = /A®*F#/RES*MCl] + /C®F*#/RES*MCl] + /B*F*/RES*MCl + 
/D#*F*/RES*MC1 + A*B*C#D*E*/F*/RES*MCl] + /E*F*/RES*MC1 


/HLD = /C + /D + /E + /F 
FALE = HLDA*CLK*RASI*/MRASI 


FUNCTION TABLE 


PCLK HLD RES MCl /F /E /D /C /B /A HLDA CLK RASI MRASI /FALE 


OG be oe oo ok oe 


e 
, 


760 
761 
762 
763 


Cc Xx H H H H H H H H UL X L L 
H L b&b H H H H H H H SL Xx L L 
Cc L L HH H H H H HL L Xx L L 
C L G&G H H H H H GH OL xX L L 
Cc L L HH H H H HLL LB X L L 
Cc H L #4 LL &b &H HK .L X L L 
Cc H L 4&4 L &uL& HL & X L L 
Cc H L 4H LL ubL&bu iH 4&8 H H L 
Cc H L HH tbututeusbtutbusbiuaoe i er L L L 
© L t&F KH H H H H H H LB x L L 
DESCRIPTION 


Figure 3-174. Source Listing for the 8088 to Am2968 Interface (AmMPAL16R6) 
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Figure 3-175. Refresh Timing 


Refresh Timing Calculations 


The timing calculations are based on Intel's 8088 processor 
being in minimum mode (8 MHz) and a cell array of 128 rows. 


The 8088 clock period is 8 MHz, thus 
t= 1/f = 1/48 M = 125 ns. 


Refreshing for DRAMs are performed on 128 rows every 2 ms. 
The calculations for the above memory array is determined to 
be: 


Required refresh time = 2 ms/ 128 = 15.6 us. 
Thus the required time for 256 row cell array will be: 
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Required refresh time = 4 ms/ 256 = 15.6 ws. 


From the above calculations, refreshing needs to be performed 
at least every 15 js. But for this application, memory is being 
refreshed every 8 ws as shown below: 


Refresh time = 64 T-clock cycles x 125 ns = 8 us. 


Delay Line Taps Computation 


The calculations for the assignment of the delay line taps is 
based on the parameters CASI and MSEL relative to RASI 
making a transition to the active state. See the timing in Figure 
3-175. 
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Figure 3-176. Delay Line Timing Diagram 
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MSEL may switch some time after T». Tz is calculated to be as 
follows: 


To = tean + tog = 20 + 11 = 31 ns. 


where To delay time from RAS! to MSEL 
tray = Row Address Hold Time of the DRAM 
tog = skew time for Qn to RASn of the DMC 


Thus, after 31 ns MSEL should initiate its active transition. 


Il 





CASI is calculated to make its change; T3 ns relative to RASI. 
The calculated value is as follows: 
Ts = To + tos + tasc = 31 + 33. 4+ 0 = 64. 


where T3 delay from RASI to CASI 
tos skew time for Qn to CASn_ of the DMC 
tasc = column setup time of the DRAM 


I] 





i 


Thus, 64 ns after RASI initiates its transition, CAS! may begin 
to go active. 


For simplicity, delay line taps may be assigned as follows: 


MSEL ~ 30 ns 
CASI ~ 60 ns 


Counter and Mode Function Table 


The following function tables describe the activity of the 
RASI/MRASI during the specific modes of the processor's in- 
terface signals (IO/M , DT/R and SSO) and the state of the 
internal counter which controls RASI/MRASI. Note: RASI will 
be active during the counter sequences between 1 to 3 as 
shown below. 


3.6.2 A GENERAL-PURPOSE INTERFACE 
FOR THE Am2968 


Introduction 


This application note describes a general-purpose timing gen- 
erator that simulates the asynchronous operation of the 
Am2970 and illustrates the interface of the Am2968 (successor 
to the Am2964) Dynamic Memory Controller (DMC) to various 
processors. The timing generator interfaces between the DMC 
and the processor by generating signals such as RASI (Row 
Address Strobe), CASI (Column Address Strobe), and WE 
(Write Enable). It consists of a PAL device, a timer, and a delay 
line. 


The Am2968 (DMC) is a controller which interfaces between a 
processor and the dynamic memory array. It utilizes a timing 
generator to initiate refresh or memory cycles. When the DMC 
receives the correct control signal from the timing generator, it 
generates the appropriate address outputs (Qn), and Row and 
Column Address Strobes (RAS, and CAS,,) based on the input 
control signals from the processor. These signals are needed 
to perform operations such as memory read/write and refresh. 





The first section illustrates the general implementation of 
the timing generator using AMD’s 20-pin PAL device 
(AmPAL16L8) and a commercially available delay line and 
timer (Figure 3-177). Programmable logic was selected be- 
cause it is readily available, simple to use, and requires only a 
single device to implement the desired functions. The succeed- 
ing application note illustrates the interface of this timing gener 
ator to Motorola’s MC68000 processor. 


TABLE 3-22. 


TWO BIT COUNTER 





TWO BIT COUNTER 
Sequence 


0 
0 
{ 
1 
1 
0 
0 
1 


Note: This design does not allow the user to insert Wait States 
during memory operations! Wait States may be inserted in 


interrupt or !/O cycles. 





IACK 

IOR 

lOW 

HALT 

PASSIVE 

CODE ACCESS 
RD 

WR 
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Figure 3-177. System Block Diagram 


Interface Overview 


The implementation of this timing generator is a general- 
purpose solution. The timing generator can be interfaced to 
various processors by simply asserting the proper control sig- 
nals from the particular processor. The required interface sig- 
nals are CS (Chip Select), R/W (Read/Write), B/W 
(Byte/Word), DS (Data Strobe) and CYCREQ (Cycle Request); 
see Figure 3-178. As an example, for the MC68000, (see 
MC68000 Interface), AS (address strobe) from the 68000 
replaces CYCREQ, and UDS (Upper Data Strobe) & LDS 
(Lower Data Strobe) replaces DS and B/W. 


The design emulates a subset of the Am2970 (Memory Timing 
Controller) operating in asynchronous mode, asserting no Wait 
States for memory accesses, and the 20-pin programmable 
logic device (AmPAL16L8) has tpd = 15 ns (B-speed). B- 
speed devices were chosen to guarantee that the required 


interface signals would meet the setup time required by the © 


memory device. The application note is based on three main 
cycles: memory, refresh, and memory/refresh. The memory/ 
refresh cycle allows priority servicing of refresh over memory 
operation if both memory and refresh requests are generated 
simultaneously. 


The refresh timer, implemented with a 555 timer, needs to 
generate a FR (Forced Refresh) signal which is negative- 
edge-triggered every 15 ws. This means that a refresh will 
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occur when a low-going edge on the FR signal is detected. As 
shown in Figure 3-179, with FR HIGH, FRH (Forced Refresh 
High) will be set. When FR detects a LOW-going edge, this will 
cause RFRQ (refresh request) to go LOW. With RFRQ active, 
RASI will also become active. The 15 ws value is derived from 
the dynamic memory refresh timing requirements; refresh is 
normally required over 256 rows every 4 ms. This equates to a 
required refresh cycle every 15.6 ys. In this application, the 
refresh timer generates FR approximately every 9.8 ys. For 
details see Refresh Timer Calculations. 


The AmPAL16L8 generates the RASI output based on either a 
cycle request from the processor or a refresh request from the 
timer. The RASI is also an input to the delay line from which 
MSEL (MUX Select) and CASI are generated. 


The dynamic memory array to be accessed is limited to only 
four banks. This is equivalent to one megaword of memory, 
assuming 256K DRAMs and only one controller is used. Extra 
banks of memory may be added to expand the amount of 
memory required for particular applications. To do this, addi- 
tional controllers must be used. The selection of byte or word 
for memory write operations is provided by the two signals 
WEH (Write Enable HIGH) and WEL (Write Enable LOW). The 
upper and/or lower bytes may be written by activating either 
WEH or WEL as appropriate. : 
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Figure 3-178. Interface Diagram 
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Figure 3-179. Arbitration Logic 
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TimGen (PAL16L8) 


The function of TimGen (PAL16L8) is to generate RASI (Row 
Address Strobe), and also arbitrate between memory cycle 
and refresh cycle requests. The generation and arbitration 
logic shown in Figure 3-179 implements an S-R latch. With 


either a Memory Cycle Request (RWRQ) or a Refresh Cycle | 


Request (RFRQ), RAS! will be generated for the DMC so the 
appropriate memory control signals may be generated accord- 
ingly. The memory and Refresh timing diagram in Figure 3-183 
illustrates the states of the interface signals for each of the 
cycles. But, if either one of the two cycle requests occurs in the 
middle of an existing cycle, the current cycle will be allowed to 
finish before the next request is acknowledged. Meanwhile, the 
latch illustrated in Figure 3-179, holds the new request in its 


feedback loop. In the event that simultaneous requests are 


made by both the memory and refresh cycles, this latch ar- 
bitrates the request by allowing refresh to have higher priority. 


The Arbitrated Refresh Cycle Timing 1 in Figure 3-180 notes 
the following: since the S-R latch is effectively edge-triggered, 
it waits for a HIGH on FR to set FRH (Force Refresh HIGH).: 
Upon detecting a LOW-going level on the FR signal, refresh 


will occur and RASI will be asserted. 


Because the design must allow for both memory byte and word 
operations, the two signals, WEH and WEL , are generated 
as selectors for writing either a byte or word during write opera- 
tions. They are direct inputs to memory’s WE (Write Enable) 
signal. 





REFRESH CYCLE —S>4<— Memory cYcLE——>} 


RFRQ | | 


CRASTI>) Ta | | : 
(MSEL > T20 | | . | | 
(CASI T4a | | | | 
ne | eoeeraeee) RNG A ations 
roo ti“<—‘~C CSCS 
TOO eee fe es 
DIAK ti kw” 





Figure 3-1 79. Arbitrated Refresh Cycle Timing 1 
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PAL16L8 GEN INTERFACE TO 2968 
TIMGEN LEE/YEE 12/19/84 
VER 1.00 AMD 


/CS /CYCREQ /FR /SUP RW BW AO0O /DS T100 GND 
T80 /DTACK TO FRH /RFRQ /RWRQ /WEL /WEH /OE VCC 


/FRH = FR*/FRH + TO*RFRQ 

RWRQ = CS*CYCREQ*/RFRQ*/T1LOO + RWRQ*/T1O0 

RFRQ = FR*FRH*/RWRQ*/T100 + RFRQ*/T100 

/TO = /RWRQ*/RFRQ + TSO 

IF (CS*RWRQ*/RFRQ*T80) DTACK = CS*RWRQ*/RFRQ*T80 

WEH = /SUP*RWRQ*CS*/BW*/RW + /SUP*RWRQ*CS*BW*A00*/RW 
WEL = /SUP*RWRQ*CS*/BW*/RW + /SUP*RWRQ*CS*BW*/A00*/RW 
OE = CS*RW*DS 

FUNCTION TABLE 


/CS /CYCREQ /FR T100 /DTACK /RWRQ FRH /RFRQ TO T80 AOO /WEH /WEL 
/OE /SUP RW BW /DS 





é 

é 

iff / T / / F / T TAS f Ff / RB 
Cc Cc F 1 D R R R 0 8 0 W W O S W W 
7S YX R 0 T W H F 0 0 £E E &£& U 

; Cc 0 A R R H L P 

; R Cc Q Q 

; E K 

; Q 

H #H L L H H L H L L&&b&LH H FH L X X 
H 4H H L H H H H L &btL&b Ha H 4H L X X 
H H H L H H H H L b&b kb H #H L X X 
H 4H H L H H H H L LL &B H 4H L X X 
L #H H L H H H H L bt H H H L X X 
L &H H L H H H H L L L 8 H #H L X X 
;BOTH MEMORY AND REFRESH CYCLES MAKE REQUEST--ACKNOWLEDGE REFRESH CYCLE 
L & L L H L L L L HL # H 4H L X X 
L & L L H L L L L HK LH HK HB L X X 
L tL L L H L L L L H LH H FH L X xX 
L & L L H L L L L H L H H HA L xX X 
L & L L H L L L L H LH HK FH L X X 
L & L L H L L L L HH LH H 4H L X X 
L & L H H H L H L H Lb KH H &F L X X 
L & L H H H L H L HH L H HH #H L xX X 
L & L H H H L H L H Lb KH H #F L X X 
L & L H H H L H L L L H H #8 L xX X 


Figure 3-181. Source Listing for a General-Purpose Interface for the Am2968 (AmPAL16L8) 
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L L H H 


L #H LH L bLLH #H &#H L xX xX 
L L L H H H L H L LbLbLH H HH’ BL xXx xX 
;END REFRESH -- ACKNOWLEDGE MEMORY CYCLE -- (WRITE) 

i. H L H L 4B H H BbLBbu oo #8 HX L 
C2 H L H L H H HH LLBo ou H L L 
L tL H L L L H H L HLL LBL # H LL 
L Lb H L L L H H L HLL Lb k HL OL 
L UL H L L L 4H H Lb #HLbL LB & H L L 
;READ OPERATION | oho 3 Oe 
L UL H L L L H H HK LbLH HL L HL 
L L 4H L L L H H H LbLLH FH OL L H L 
DESCRIPTION | 


Figure 3-181. Source Listing for a General-Purpose Interface for the Am2968 (AmPAL16L8) (Continued) 
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Refresh Timer Calculations 

Figure 3-182 shows the setup for the forced refresh (FR) timer. 
The timer used is a commercially-available 555 timer. 

The general timer equation is as follows, it must be solved for 
Ri, R2 and C values. This will satisfy the refresh requirement 
of less than or equal to 15.6 ps 

T = 0.693 (R; + 2R,)C < 4 ms/256 = 15.6 us. 

For the following values of R;, Re and C 

R, = Ro = 10K and C = 470 pF 

the timer will generate a refresh every 9.8 ys which satisfies 


the refresh requirement. The specified values for R,, Ro and C 
allow for 30% tolerance. 


Delay Line Assignment 


The calculations for the assignment of delay line taps are 
based on the MSEL and CASI parameters relative to RASI 
being active. The calculations below indicate the relative mini- 
mum times. MSEL (T20) is calculated to be: 


T20 = tran + tog = 15 + 11 = 26 ns. 


where T20 = delay from RASI to MSEL 
tray = row address hold time of the DRAM 
skew time for Qn to RASn_ of the DMC 





tes 


+SU 


Ri 


R2= 






Thus, after a minimum of 26 ns from the time RAS| becomes 
active, MSEL may be asserted. CASI (T40) calculated relative 
to RASI is: 


T40 = T20 + tasc + tos = 26+ 0 + 33 = 59 ns. 


where 140 = delay from RAS! to CASI 
tasc = Column setup time of the DRAM 
tos skew time for Qn to CASn_ of the DMC 


Thus, after a minimum of 59 ns from the time RASI becomes 
active, CASI may make its active transition. The delay line 
assignment is shown in Figure 3-178. For convenience, the 
values calculated above have been approximated and are 
shown below: 


MSEL ~ 30 ns 
RASI ----- CASI ~ 60 ns 


Two other significant delay taps which are not interface outputs 
but deserve some mention are T80 and T100. The values for 
these two signals are, respectively, 80% and 100% of the delay 
line. The T80 output delay is used as a hold time at the end of 
the refresh cycle so that RFRQ (MC1) remains valid for some 
time. This allows the row address counter and precharge to be 
updated before another cycle begins. T100 prevents the 
memory cycle from beginning too soon, it ensures that the 
current cycle has ended before a new cycle will begin (see 
Memory and Refresh timing diagram, Figure 3-183). 
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Figure 3-182. Refresh Timer 
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Figure 3-183. Memory And Refresh Timing 
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3.6.3 MC68000 TO Am2968 INTERFACE 


This application note shows how the general-purpose timing 
generator can be configured to interface between Motorola's 
MC68000 and the Am2968. Figure 3-184 shows the block dia- 
gram of the interface. The correct interface signals must be 
adapted from the processor to the TimGen (PAL16L8) and the 
Am2968. Note, from Figure 3-185, that AS (Address Strobe) 
replaces CYCREQ, and UDS (Upper Data Strobe) and LDS 
(Lower Data Strobe) replace DS and B/W. 


Asserting the Address Strobe signal (AS), which is connected 
to the LE input, latches the valid address into the Am2968. 
UDS and LDS are controls indicating the flow of data on the 
data bus (D00-D15) during memory read/write operations. By 
asserting the correct polarity on these two signals (UDS & 
LDS), either a byte or a word may be accessed. 


The following sections will show the timing requirements which 
are being considered—that is, the desired processor operating 
frequency and the appropriate DRAM. Timing diagrams are 
also included to show the status of the interface signals during 
read/write operations for various processor frequencies. 


MC68000 Timing Requirements 


In generating the hardware for the timing interface for the 
MC68000 to the Am2968, the overall system timing require- 
ments must be considered to guarantee that the desired 
memory access time can be met. 


The following general equation formulates the parameters 
which must be considered in generating the read cycle time for 
the 68000 processor. The write cycle time may be similarly 
generated. 


trean = 2teyc + ton — tcHsLx — toic. — 2tpa. — te — trarcH + 
Ntcyc 


treap = read cycle time 

tcyc = clock period of the processor 

tc = clock width High of the processor 

tcHsix = clock High to AS, DS Low of the processor 
topic. = data in to clock Low (setup time) of the processor 
tea. = programmable logic access time 

to = delay from RASI to RASn of the DMC 

tiatch = delay through latch 

N = number of inserted Wait States. 


For simplicity, zero Wait States have been assumed in select- 

ing the appropriate DRAMs. If Wait States had been asserted, 

the appropriate DRAM must be selected to meet the overall 

treap Cycle time. Note that the access time of the DRAM (tacc) 
must be less than or equal to treap cycle time or else access to 

memory will be missed. The following evaluations show the 

calculated tacc based on the various processor operating fre- 

quencies: 8 MHz, 10 MHz and 12.5 MHz. 








MC68000 W/WAIT STATES 
8 MHz 
trean = (250 + 55 — 60 — 15 — 30 — 23 - 138 + N« 125) ns 
= (164 + 125N) ns 3 
DRAM tacc = 150 ns 
10 MHz 
trean = (200 + 45 — 55 — 10 — 30 —- 23 - 18 + N« 100) ns 


= (114 + 100N) ns 
DRAM tacc = 100 ns 
12.5 MHz@ 


trean = (160 + 35 — 55 — 10 — 30 — 23 — 138 + N*« 80) ns 
= (64 + 80N) ns 
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Figure 3-185. Interface Diagram 
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@ for this particular frequency, asserting at least one MHz and 10 MHz are shown on the same diagram 
Wait State will allow taeap = 144 ns, thus DRAM tace because of their similarity. Figure 3-187 shows the 
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Figure 3-186 shows the read and write cycle timing 12.5 MHz with Wait States asserted during these 
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PAL1L6L8 GEN INTERFACE for 68K 
TIMGEN LEE/YEE 1-18-85 
VER 1.00 AMD 


/cS /AS /FR /SUP RW T80 /UDS /LDS T100 GND 
NC /DTACK TO FRH /RFRQ /RWRQ /WEL /WEH /OE vcc 


/FRH = FR*/FRH + TO*RFRQ 

RWRQ = CS#*AS*/RFRQ#*/T100 + RWRQ#*/T100 

RFRQ = FR*FRH*/RWRQ*/T100 + RFRQ*/T100 

/TO = /RWRQ*/RFRQ + TSO 

IF (CS*RWRQ*/RFRQ*T80) DTACK = CS*RWRQ*/RFRQ*TSO 
WEH = /SUP*RWRQ*CS*UDS*/RW 

WEL = /SUP*RWRQ*CS*LDS*/RW 

OE = CS*RW*#UDS + RW*CS*LDS 

FUNCTION TABLE 


/CS /AS /FR T100 /DTACK /RWRQ FRH /RFRQ TO T80 /WEH /WEL 
/OE /SUP RW UDS LDS 
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Figure 3-188. Source Listing for the 68000 Interface 
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Figure 3-188. Source Listing for the 68000 Interface (Continued) 
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3.6.4 GENERAL-PURPOSE 
DUAL-PORT ARBITER 


Introduction 


This application note shows the implementation of a general- 
purpose dual-port arbiter interfacing three processors, a 
Dynamic Memory Controller (Am2968A DMC), and dynamic 
memory. The arbiter, implemented with two programmable ar- 
ray logic (PAL) devices, and a delay line, can provide a simple 
and complete arbitration solution operating in asynchronous 
mode. This application note shows the general interface fol- 
lowed by specific applications to three microprocessor groups: 


(1) iAPX-type processors 
(2) AmZ8000 
(3) MC68000-type processors 


The programmable logic equations for the three specific appli- 
cations are included at the end of this application note. 


The interface consists of two PAL devices (TIMGENZ2A and 
TIMGEN2B), a timer, a delay line, and two multiplexers. Figure 
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3-189 shows the block diagram of the system which includes 
the arbiter logic implemented with the PAL devices. These two 
devices, TIMGEN2A and TIMGEN2B, provide the control sig- 
nals to the DMC as well as to the dynamic memory. The pur 
pose of the arbiter is to mediate when two processors request 
for memory cycles, or when refresh cycles need to be per 
formed. The first PAL device, TIMGEN2A, generates the sig- 
nals for the DMC and the Address MUX; it also contains the 
arbitration logic. The second device, TIMGEN2B, generates 
the control signals for the memory and the data bus latches. 


The Am2968A Dynamic Memory Controller (DMC) interfaces 
between the processors and the dynamic memory array. The 
DMC provides the required addresses either for the memory or 
the refresh cycles. For memory cycles, the addresses are 
generated by the processor and latched into the DMC. For 
refresh cycles, the addresses are generated by a 20-bit 
counter internal to the DMC. When the DMC receives the cor 
rect control signals, it generates the appropriate address (Qn) 
and the Row and Column Address Strobes (RASn and CASn) 
that are required to perform memory read/write and refresh. 








Programmable logic devices are selected because they are 
readily available and they minimize chip count. 
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Figure 3.189. Block Diagram 


3-243 





Interface Overview 


The dual-port arbiter can be interfaced to various processors, 


using the proper contro! signals from the particular processor. 


Typically, the processor interface signals are CS (Chip Select), 
CYCREQ (Cycle Request), RD (Read), and WR (Write), see 
Figure 3-189. , 


The two PAL devices, TIMGEN2A and TIMGEN2B are de- 
signed to operate in the following modes: 


(1) generate proper control signals when cycle request is 
made . x * 

(2) arbitrate between two processor requests 

(3) arbitrate between a refresh request and processor request 
(4) arbitrate between a refresh request and two cycle requests 
Requests by the processor are made when CS and CYCREQ 
are valid and the memory address is present. During dual-port 
arbitration, the occurrence of simultaneous requests, for in- 
stance, CSA (Chip Select Port A), CYCREQA (Cycle Request 
Port A) and FR (Forced Refresh), will result in the granting of a 
refresh cycle and the appropriate address being. generated 
accordingly by the DMC. 


TIMGEN2A generates the appropriate control signals to the 
data and address multiplexers, the delay line, and the memory 
controller. These control signals are: RASI (Row Address 
Strobe Input), SEL (Processor Address Mux Select), and MC1 
(Mode Control! Input). RAS! is generated for all read/write and 
refresh cycles. It is also used as the delay line input from which 
MSEL (MUX Select for the DMC) and CASI (Column Address 
Strobe Input) are generated. SEL allows the correct port ad- 
dress, A or B, to be the input to the DMC depending upon 
which port is acknowledged. MC1 specifies the operating 
mode of the DMC, read/write or refresh (see Am2968A data 
sheet). 


The arbitration logic prioritizes and grants the requests for 
read/write cycles from either port, A or B, and refresh cycles. 
The Mode Table (Table 3-24) shows the order of precedence. 
When simultaneous request for a read/write or refresh cycle 
occurs, the refresh cycle will be given priority. The connection 
of RFRQ (Refresh Request) from TIMGEN2A to MC1 of the 
DMC, as shown in the block diagram, implicitly gives refresh 
the precedence. When simultaneous read/write requests are 
made by processor A and processor B, processor A will be 
given priority over B. Again, the order of precedence is set 
implicitly by the connection of RWRQA (Read/Write Request 
port A) to the select input signal of the processor address MUX. 


The second programmable logic device, TIMGEN2B gener- 
ates the OE (Output Enable) signal for the data bus latches 
and the WE (Write Enable) signal for memory. The inputs to 
TIMGEN2B are the control signals—CSA, CSB, RDA (Read 
A), RDB (Read B), WRA (Write A) and WRB (Write B). Signals 
such as BHEN (Byte High Enable) and AOO, the least signifi- 
cant bit of the address, have been included to show their func- 
tion (if available). These two signals are provided by the 
processor (i.e., iAPX-type processors) and together they deter- 
mine whether a word or byte transfer is to be performed during 
memory operations. 


+5V 





Figure 3-190. Refresh Timer Diagram 
TABLE 3-24. MODE SELECT TABLE 


CYCREQ 
Port A’ Port B 


FR (refresh) 

ER (refresh) 

ER (refresh) 

FR (refresh) 
PORT A (uP Req) 
PORT A (uP Req) 
PORT B (uP Req) 
no activity 
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Refresh Timer and Calculations 


The refresh timer below shows one method of implementing an 
external refresh clock. This section is optional if an alternate 
source is used. The refresh timer, implemented with a 555 
timer, needs to generate an active-LOW edge-triggered signal 
at least once every 15 ws. This means that a refresh occurs 
when a LOW-going edge on the FR signal is detected. The 15 
us value is derived from the dynamic memory refresh timing 
requirements; refresh is normally required, over 256 rows, 
every 4 ms. This equates to a required refresh cycle every 
15.6 ps. In this application, the refresh timer generates 
FR approximately once every 9.8 ws. Figure 3-190 shows the 
circuit for the forced refresh (FR) timer. The timer is a 
commercially-available 555 timer. The delay equation shown 
below must be solved for R1, R2, and C values. This satisfies 
the refresh requirement of less than, or equal to, 15.6 ws 


T = 0.693 (R1 + 2R2) C < 4 ms/256 = 15.6 us 
For the following values of R1, R2 and C 
Ri = R2 = 10K and C = 470 pF 
the timer generates a refresh every 9.8 wS which allows some 


margin in the refresh requirement. The specified values for R1, 
R2, and C-allow for 30% total discrete component tolerance. 
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TIMGEN2A 


The function of TIMGEN2A is to generate RASI (Row Address 
Strobe Input) and arbitrate between processor and refresh 
cycles. Based on the arbitration, TIMGEN2A also generates 
RWRQ (Read/Write Request), or RFRQ (Refresh Request), 
that determines the type of cycle to be performed. TIMGEN2A 
can arbitrate between refresh and processor requests and also 
arbitrate between Port A and Port B processor requests. 


When simultaneous refresh and processor requests are 
generated, refresh (RFRQ) will be given priority. The priority is 
implicit by design because the RFRQ output of TIMGEN2A is 
connected to MC1 of the Am2968A DMC. When RFRQ 
becomes active (LOW), MC1 forces the DMC into refresh 
mode. 





When simultaneous processor requests are made, RWRQA 
(Read/Write Request of Port A) will be granted before RWRQB 
(Read/Write Request of Port B). This priority is also implicit by 
design because the RWRQA output is connected to SEL of the 
processor's address multiplexer. When RWRQA becomes ac- 
tive, address from Port A will be selected for input to the Row 
and Column Address latches of the Am2968A, also, the data 
from Data Bus A will be allowed to flow to the inputs of the 
DRAMs. In either case, RASI must be generated to initiate any 


of the cycles. Once RASI is generated, the control signals, . 


_ MSEL and CASI, will be generated from the delay line relative 
to RASI. 


TIMGEN2B 


The function of TIMGEN2B is to generate WE (Write Enable) 
for memory and also OE (Output Enable) to contro! the flow of 
data through the data bus latches. The inputs to TIMGEN2B 
are, CSA, RDA (Read Strobe A), WRA (Write Strobe A), CSB, 
RDB (Read Strobe B), and WRB (Write Strobe B). In addition, 
there are BHENA (Byte High Enable A) and BHENB (Byte High 
Enable B), AOOA (least significant address bit for Port A) and 
AOOB (least significant address bit for Port B). These signals 
are generated by the processor and are used to specify either 
byte or word transfers. 








The following description outlines the operation of TIMGEN2B. 
if CSA and RDA become active (LOW), TIMGEN2B will cause 
OEA to become active (LOW), enabling the data bus latches 
and allowing data corresponding to address A to flow onto the 
system data bus (read operation). The identical procedure oc- 
curs for Port B when the control inputs for Port B is active. The 
block diagram shown in Figure 3-189 shows a multiplexer for 
the system data bus. This multiplexer controls the data flow 
into memory from either processor A or processor B, during 
write operations. The select to the MUX is controlled by 
RWRQA, the same signal that controls the select to the pro- 
cessor address MUX, allowing address Port A to implicitly have 
higher priority during processor memory access. 


The following sections provide general information about 
interfacing the arbiter to various major types of processors; 
they are: the iAPX-type, the AmZ8000, and the MC68000-type 
processors. The PAL devices for the three types of processors 
will be identified as follows: TIMGEN2A and TIMGENZB are for 


the iAPX-type; TIMGEN3A, TIMGENSB for the AmZ8000; and 
TIMGEN4A and TIMGEN4B are for the MC68000-type. When 
mixing different processor in an interface, some of the control 
signals mentioned for the particular groups may need to be 
modified to be applicable to the processor under consideration. 
The designer can tailor the design to meet specific needs with 
simple modification to the PAL logic equations provided. 


Interfacing the iAPX-Type Processors 


The control signals required for TIMGEN2A are shown in Figure 
3-191.a. These signals are: CS, CYCREQ, FR and the delay 
line outputs (TAP1—TAP5). CS and CYCREQ are provided by the 
processor. FR is the refresh request from the refresh timer. 
Sources to this input can be provided either by the timer 
described in this application note or other appropriate sources. 
TAP1—TAP5 are the timing delay outputs used to regulate many 
of the signal generation. The outputs generated from this PAL 
device are TAPO (RASI), XACKA, XACKB, and the grants for 
processor and refresh requests. 





The signals for TIMGEN2B are RD, WR, BHE, and AOO. For 
byte/word transfers, the designer should consult the appropri- 
ate processor data sheet. In general, this processor group 
uses BHE in conjunction with AOO to define the transfer func- 
tion of the data bus. The outputs from this PAL device are: 
Write Enables, Latch Enables, and Outputs Enables. 


Interfacing the AmZ8000 


The control signals required for this interface are shown in 
Figure 3-191.b. For TIMGEN3A, the general controls are CS 
and CYCREQ, FR and the delay line outputs (TAP1—TAP5). CS 
and CYCREQ are generated by the processor. FR is the refresh 
request from the refresh timer. TAP1—TAP5 are the delay line 
outputs used to regulate the signal generation. The outputs from 
this PAL device are WAITA, WAITB, TAPO (RASI), and the 
grants for processor and refresh requests. 


The control signals for TIMGEN3B are R/W, DS, A00 and B/W. 
For byte/word transfers, the designer should consult the pro- 
cessor data sheet for correct signal generation. The outputs 
from this PAL device are: Write Enables, Latch Enables, and 
Outputs Enables. 


Interfacing the MC68000-Type Processors 


The control signals required for this interface are shown_in 
Figure 3-191.c. For TIMGEN4A, the general controls are CS 
and CYCREQ, FR and the delay line outputs (TAP1—TAP5). cs 
and CYCREQ are generated by the processor. FR is the refresh 
request from the refresh timer. TAP1-TAP5 are the delay line 
outputs used to regulate signal generation. The outputs 
generated from this PAL device are: DIACKA, DTACKB, TAPO 
(RASI) and the grants for processor and refresh request. 


The control signals for TIMGEN4B are R/W, UDS, and LDS. 
For byte/word transfers, the designer should consult the re- 
spective processor data sheet for correct signal generation. 
For example, to obtain either byte or word transfers with the 
MC68000, three signals, UDS, LDS and R/W, must provide the 
correct levels to guarantee the correct data transfers, see 
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MC68000 Data Bus Controi Table in the User's Manual. The = The programmable logic device equations for all three in- 
outputs generated from this PAL device are: Write Enables, terfaces are shown in Figures 3-192 and 3-193. 
Latch Enables and Output Enables. . 
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Figure 3-191.a Interface for 8086, 80186, and 80286-Type Processors 


3-246 


AmPAL18P8 


TIMGEN3A 








AmPAL22V10 


TIMGEN3B 


A00B 
SUP 
RFRQ 
RWRQA 
RWRQB 
TAP 3 











08479A 3-192 


Figure 3-191.b Interface for Z8000-Type Processors 
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Figure 3-191.c Interface for MC68000-Type Processors 
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ADVANCED MICRO DEVICES 
GENERAL DUAL-PORT DRAM INTERFACE TIMING PAL DEVICE #1 
TIMGEN2A VERSION 1.0 


/CSA /CYCREQA /CSB /CYCREQB TAP1 TAP2 TAP3 TAP4 TAPS GND 
/FR /XACKA /XACKB TAPO FRH /RFRQ /RWRQA /RWRQB NC VCC 


/FRH 


FR*/FRH + TAPO*RFRQ 


RFRQ 


FR*FRH*/RWRQA*/RWRQB*/TAPS + RFRQ*/TAP5 


RWRQA CSA*CYCREQA*/RFRQ*/RWROB*/TAPS + RWRQA*/TAPS 


RWRQB = CSB*CYCREQB*/RFRQ*/RWRQA*/TAPS + RWRQB*/TAPS 


/TAPO = /RFRQ*/RWRQA*/RWROQB + TAP4 
IF (CSA*RWRQA*/RFRQ*TAP4) XACKA = CSA*RWRQA*/RFRQ*TAP4 


IF (CSB*RWRQB*/RFRQ*/RWROA*TAP4) XACKB = CSB*RWRQB*/RFRQ*/RWRQA*TAP4 


DESCRIPTION 


PAL DEVICE THAT ARBITRATES AND GENERATES DUAL-PORT DRAM TIMING INTERFACE 
CONTROL SIGNALS FOR AM8086, AM80186, AM80286-TYPE MICROPROCESSORS 


DEVICE (PAL22V10) 

"ADVANCED MICRO DEVICES" 

"GENERAL DUAL-PORT DRAM INTERFACE TIMING PAL DEVICE #2" 
"TIMGEN2B VERSION 1.0" 


PIN /CSA /RDA /WRA /BHENA AOOA /BHENB /WRB /RDB /CSB 
AOOB /OEA /OEB /SUP /RFRQ /RWRQA /RWRQB /WEL /WEH LEB LEA 


BEGIN 


WEH = /SUP*RWRQA*/RFRQ*CSA*WRA*BHENA 
+ /SUP*RWROB*/RFRQ*/RWRQA*CSB*WRB* BHENB 


WEL = /SUP*RWRQA*/RFRQ*CSA*WRA*/AOOA 
+ /SUP*RWRQB*/RFRQ*/RWRQA*CSB*WRB* /A00B 


OEA = CSA*RWROQA*/RFRQ*RDA 


OEB = CSB*RWRQB*/RFRQ*RDB 


LEA = CSA*RWRQA*/RFRQ*RDA* TAPS 
LEB = CSB*RWRQB*/RFRQ*RDB* TAPS 
END. 

"DESCRIPTION" 


"PAL DEVICE THAT GENERATES DUAL-PORT DRAM INTERFACE CONTROL SIGNALS FROM" 
"AM8086, AM80186, AM80286 TYPE CONTROL SIGNALS (/WR, /RD, /BHE)." 


Figure 3-192. PLPL Specification for the Example of Figure 3-191.a 
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ADVANCED MICRO DEVIGES 
GENERAL DUAL-PORT DRAM INTERFACE TIMING PAL DEVICE #1 
TIMGEN3SA VERSION 1.0 


/CSA /CYCREQA /CSB /CYCREQB TAP1 TAP2 TAP3 TAP4 TAPS GND 
/FR /WAITA = /WAITB TAPO FRH /RFRQ /RWRQA /RWRQB NC VCC 


/FRH = FR*/FRH + TAPO*RFRQ 

RFRQ = FR*FRH*/RWROA*/RWROB*/TAPS + RFRQ*/TAPS 

RWRQA = CSA*CYCREGA*/RFRQ*/RWROB*/TAPS + RWRQA*/TAPS 
RWRQB = CSB*CYCREGB*/RFRO*/RWROA*/TAPS + RWROB*/TAPS 
/TAPO = /RFRQ*/RWRQA*/RWROB + TAP4 


IF (CSA*RWRQA*/RFRQ*TAP4) /WAITA = CSA*RWRQA*/RFRQ*TAP4 


IF (CSB*RWROB*/RFRQ*/RWROA* TAPS ) /WAITB = CSB*RWROB*/RFRQ*/RWROA*TAP4 


DESCRIPTION © 


PAL DEVICE THAT ARBITRATES AND GENERATES DUAL-PORT DRAM TIMING INTERFACE 
CONTROL SIGNALS FOR Z8000-TYPE MICROPROCESSORS 


DEVICE (PAL22V10) 


"ADVANCED MICRO DEVICES" 
"GENERAL DUAL-PORT DRAM INTERFACE TIMING PAL DEVICE #2" 
"TIMGEN3SB VERSION 1.0" 


PIN /CSA RWA /DSA BWA AOOA BWB /DSB RWB /CSB TAP3 
AOOB /OEA /OEB /SUP /RFRQ /RWRQA /RWRQB /WEL /WEH LEA LEB 


BEGIN 
WEH =  /SUP*RWRQA*/RFRO*CSA* /RWA*/BWA 

+ /SUP*RWRQA*/RFRO*CSA* /RWA*BWA*AO0A 

+ /SUP*RWRQB*/RFRQ*/RWRQA*CSB*/RWB*/BWB 

+ /SUP*RWROB*/RFRQ*/RWROQA*CSB*/RWB*BWB*A00B 
WEL = /SUP*RWRQA*/RFRQ*CSA*/RWA*/BWA 

+ /SUP*RWRQA*/RFRQ*CSA*/RWA*BWA*/AO0A 

+ /SUP*RWROB*/RFRQ*/RWRGA*CSB*/RWB*/BWB 

+ /SUP*RWRQB*/RFRQ*/RWRQA*CSB*/RWB*BWB* /A0OB 
OEA = CSA*RWRQA*/RFRQ*RWA*DSA 


OEB = CSB*RWRQB*/RFRQ*RWB*DSB 


LEA 


CSA*RWRQA*/RFRQ*RWA* TAPS 


LEB = CSB*RWRQB*/RFRO*RWB* TAPS 
END. 
"DESCRIPTION" 


"PAL DEVICE THAT GENERATES DUAL-PORT DRAM INTERFACE CONTROL SIGNALS FROM! 
"78000 TYPE CONTROL SIGNALS (B/W, R/W, /DS)." 


Figure 3-193.a PLPL Specification for the Example of Figure 3-191.b 
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ADVANCED MICRO DEVICES 
GENERAL DUAL-PORT DRAM INTERFACE TIMING PAL DEVICE #1 
TIMGEN4A VERSION 1.0 


/CSA /CYCREQA /CSB /CYCREQB TAP1 TAP2 TAP3 TAP4 TAPS GND 
/FR /OTACKA /DTACKB TAPO FRH /RFRQ /RWRQA /RWRQB NC VCC 


/FRH = FR*/FRH + TAPO*RFRQ 
RFRQ = FR*FRH*/RWRQA*/RWRQB*/TAPS + RFRQ*/TAPS 


RWROA 


CSA*CYCREQA*/RFRQ*/RWROB*/TAPS + RWRQA*/TAPS 


RWRQB 


CSB*CYCREQB* /RFRQ*/RWRQA*/TAPS + RWRQB*/TAPS 


/TAPO = /RFRQ*/RWRQA*/RWRQB + TAP4 


IF (CSA*RWRQA*/RFRQ*TAP4) DTACKA = CSA*RWROQA*/RFRQ* TAPS 


IF (CSB*RWRQB*/RFRQ*/RWRQA*TAPS) DTACKB = CSB*RWRQB*/RFRQ*/RWRQA* TAPS 


DESCRIPTION 


PAL DEVICE THAT ARBITRATES AND GENERATES DUAL-PORT DRAM TIMING INTERFACE 
CONTROL SIGNALS FOR MC68000-TYPE MICROPROCESSORS 


DEVICE (PAL22V10) 
"ADVANCED MICRO DEVICES" 


"GENERAL DUAL-PORT DRAM INTERFACE TIMING PAL DEVICE #2" 
"TIMGEN4B VERSION 1.0" 


PIN /CSA RWA /UDSA /LDSA NC5 /LDSB /UDSB RWB /CSB TAPS 
NC10 /OEA /OEB /SUP /RFRQ /RWRQA /RWRQB /WEL /WEH LEA LEB 


BEGIN 


WEH = /SUP*RWRQA*/RFRQ*CSA*/RWA*UDSA 
+ /SUP*RWROB* /RFRQ* /RWROA*CSB*/RWB*UDSB 


WEL = /SUP*RWRQA*/RFRQ*CSA*/RWA*LDSA 
+ /SUP*RWRQB* /RFRQ*/RWRQA*CSB*/RWB*LDSB 


OEA = CSA*RWRQA*/RFRQ*RWA*(UDSA + LDSA) 


OEB = CSB*RWRQB*/RFRQ*RWB*(UDSB + LDSB) 
LEA = CSA*RWRQA*/RFRQ*RWA*TAPS 

LEB = CSB*RWRQB*/RFRQ*RWB*TAPS 

END. 

"DESCRIPTION" 


"PAL DEVICE THAT GENERATES DUAL-PORT DRAM INTERFACE CONTROL SIGNALS FROM" 
"MC68000 TYPE CONTROL SIGNALS (R/W, UDS, LDS)." 


Figure 3-193.b PLPL Specification for the Example of Figure 3-191.c 





3.6.5 CUSTOMIZE A FLEXIBLE 
DRAM CONTROLLER USING 
SECOND-GENERATION PAL DEVICES 


Ever increasingly dense DRAMs and their interface to the 
emerging 32-bit sophisticated microprocessors provide in- 
creasing number of system options to the designer. In order to 
utilize these advanced features available on the DRAMs and to 
satisfy the individual system design requirements of different 
systems, often customizable DRAM controllers are required. 
PAL-based sequencer devices such as AmPAL23S8 provide 
effective control sequencing power, flexibility/customizability of 
design along with ease of use, and offer a desirable alternative 
to the dedicated functionality of VLSI DRAM controllers. 


The following megabit DRAM controller design, based on Am- 
PAL23S8, illustrates the ease by which a PAL device can be 
easily customized to fulfill system requirements. It supports 
data bus sizing and data alignment features, which although 
required for emerging 32-bit microprocessors, are not yet 
easily and adequately supported by VLSI controllers. 


A DRAM cortroller needs to support, at the minimum, the fol- 
lowing functions: . 


Flexible refresh generation mechanism 
Flexible arbitration scheme 

Processor handshake protocol 

Processor cycle timing and control signals 
Refresh cycle timing and control signals. 


OPaAN > 


Flexible Refresh Generation Mechanisms 


For refresh generation, different system designs may require 
either burst mode, intermittent mode, or both kinds of refresh. 
In the burst mode, refresh request would occur once very four 
milliseconds to meet the dynamic RAM’s speed. For a-megabit 
RAM with a 512-refresh cycle requirement, all 512 refresh 
cycles will be performed consecutively. The major disadvan- 


tage of the burst refresh approach is that memory becomes out . 


of service for a long time. Intermittent refresh minimizes the out 
of service time by stealing single cycles between two proces- 
sor cycles. This cycle stealing is performed by a predefined 
arbitration mechanism that prioritizes different cycle requests. 
This design illustrates both intermittent and burst mode 
refreshes. 


Flexible Arbitration Scheme 


The arbitration in most designs involves prioritizing memory 


accesses for: the read cycle, write cycle, read-modify-write 
cycle, and refresh cycle. 


The DRAM controller must allow both asynchronous memory 


and refresh cycle requests. It should decide whether a memory | 


cycle is an access cycle or a refresh cycle. Typically for inter- 
mittent refresh, the cycles are derived from the oscillator, which 
operates asynchronously with the system clock. Its arbiter 
grants a request when the refresh request is made and no 
memory cycle is either occurring or pending. If a refresh cycle 
is in progress and a memory request is made, then the memory 


- access is inhibited until the refresh is complete. If a memory 


cycle is in progress, the arbiter inhibits the refresh cycle until 
the current cycle is completed. However it needs to remember 
that a refresh request was made and grant that request on 
completion of the processor cycle. Of course when refresh and 
processor access are requested simultaneously, the refresh is 
given priority. The AmPAL23S8’s buried registers are very use- 
ful for performing such arbitration functions between equal 
asynchronous events. These registers can also be used for 
remembering refresh cycle requests and for later initiating 
refresh cycle execution. 


However, some designs may require additional functions such 
as prioritizing competing processor requests, or requiring a 
specific kind of handshake mechanism between the processor 
and DRAM controller. All such functions can be achieved with a 
PAL sequencer by using chip resources such as |/O pins, bur 
ied registers, and product terms. On the other hand, some 
systems may not require such functions as read-modify-write 
cycles, and the PAL sequencer device’s resources can be con- 
served for other system functions. 


Flexible Handshake Protocol 


PAL sequencer devices provide customizing capabilities to in- 
terface to system processors. The logic required for interface 
protocols for the iAPX family or the 68000 family microproces- 
sors are easily built using the PAL device's internal resources. 
The design example described here is for a 68020 processor 
interface signal. 


Processor Cycle Execution — 


Different DRAMs can have different processor cycles. Some 
just support the basic read/write cycles, while others support 
extended functions such as page-mode, ripple-mode, or static- 
column-mode cycles. Some DRAMs also support additional 
functions, such as the transfer cycle in VRAMs (DRAMs opti- 
mized for video applications). PAL sequencer devices allow 
only user-definable functionality to be implemented in the 
design, which optimizes resources and improves system per- 
formance. Another advantage offered by such designs is the 
ability to customize the design to DRAM timing requirements, 
which can vary significantly between —12, —15, —20 parts. All 
timing functions are easily implemented and modified using 
buried state registers. 


Our design implements the basic read, write, and read-modify- 
write cycles required in most designs. The timings required 
assume a —12 memory part. The processorcycle execution 
involves address multiplexing, and timing control signal gener 
ation. For address multiplexing, Am29841 10-bit buffers are 
used. The multiplexing of the row or column address is under 
the control of the DRAM controller. | 


Generation of timing and control signals, RAS, CAS, WE, and 
DACK, is also the core function of the controller. The controller 
switches the address for multiplexing and produces RAS, CAS, 
WE in a sequence that is understandable by particular DRAMs. 
It also generates a handshake signal “DACK” for the CPU, to 
indicate whether or not the memory is ready to be accessed. 
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Refresh Cycle Execution 


DRAMs support different types of refresh cycles. Some 
DRAMs support CAS-before-RAS-refresh, which embeds the 
refresh-address counter along with the memory and eliminates 
the need for an external counter. Some designs may require 
the Hidden refresh or the standard RAS-only refresh. Depend- 
ing upon system requirements the designer can optimize the 
design and resources. For this example, the PAL device has 
been designed to execute a RAS-only refresh. However, it can 
be easily modified to support CAS before RAS refresh, or hid- 
den refresh also, if needed. 


_ MBIT DRAM Controller with Data Alignment 
and Dynamic Bus Sizing 


In many cases, currently available DRAM controllers do not 
support the esoteric requirements of different system designs. 
The designer is left to make his/her own DRAM controller. The 
AmPAL23S8 with its embedded extra buried state registers 
provides an excellent tool for designing such a flexible, fast 
DRAM controller. It also offers the right speed to interface to 
the emerging 8/16-MHz processors allowing superior synchro- 
nous designs with few or no wait states. 


Some of the emerging 32-bit microprocessors, such as 68020 
and 80386, support the concept of dynamic bus sizing and 
misaligned data transfers. Currently, there is no DRAM control- 
ler that uses the advantages offered by these two features 
effectively. 


Dynamic Data Bus Sizing 


Dynamic bus sizing allows the processor to handle variable- 
width data buses (8, 16, or 32 bits) on a cycle-by-cycle basis. 
Dynamic bus sizing makes the size of R/W port/channel trans- 
parent to the software designer. 


The M68020 allows operand transfers to or from 8-, 16-, and 
32-bit ports by dynamically determining the port size during 
each bus cycle. Similarly, iAPX80386 allows operand transfers 
to or from 16-, and 32-bit ports by determining the port size 
during each bus cycle. During an operand transfer, the slave 
device signals its port size and transfer status (complete or not) 
to the processor using DSACKY inputs for 68020 (Ready & 
BS16 for 80386). 


DSACK1 DSACKO 


H H insert Wait States 
H L Complete Cycle— 

Data bus port size 8 bits 
L H Complete Cycle— 

Data bus port size 16 bits 
L L Complete Cycle— 


Data bus port size 32 bits 


The design implemented shows a 68020 interface, but it can 
be easily modified to accommodate the iAPX386. M68020 al- 
ways attempts to transfer the maximum data (32 bits) in a 
single cycle. If the port responds with a size smaller than 32- 


bits, the processor repeats the cycles with the remaining bytes 
of data. For each cycle, M68020 informs the slave of the num- 
ber of bytes it is attempting to transfer by two signals SIZO, 
SIZ1, as follows: 


S1IZO, SIZ1 SIZE 
0 1 Byte 
1 0 Word 
1 1 _ 3 Byte 
0 0 Long Word 


To accommodate various system tradeoffs, system designs 
with heterogeneous memory organization sizes such as 32- 
bits, 16- bits or 8-bits are common. For example, it is often 
preferable to have smaller external bus sizes, but retain 32-bit 
internal memory access on a board. As the DMA-bus width is 
16/8, it may be preferable to have part 8/16-bit organization of 
system memory for allowing easy DMA transfers. Similarly, in a 
graphics system, because of stripe architecture, the video- 
memory-frame bufferaccess may be 32-bit with four pixel 
stripe of 8-bit planes, but the scratch-pad memory of the lookup 
table memory may be of smaller width. PAL devices allow 
customizable, dynamic memory, data-bus sizing based on vari- 
ous system requirements, such as address range (address 
signals), or jumperselectable static control for increasing 
memory width. 


Misaligned Transfers 


Dynamic sizing is used also in conjuction with address bits AO, 
A1 to support misaiigned data transfers. An example of data- 
bus size with misaligned data transfers is a word write to a long 
word with an address offset of 1 byte (AO/A1 = 01). MC68020 
& iAPX386 contain internal bus multiplexers to route the data 
to the correct data lines. Both also generate the extra cycles 
necessary to complete a misaligned transfer. However, exter- 
nal circuitry is still needed to generate the correct write enables 
and chip selects to support both functions. PAL devices, how- 
ever, can be customized to support both these functions easily. 


Al AO Offset 
0 0 0 Bytes 
0 1 1 Byte 
1 0 2 Bytes 
1 1 3 Bytes 


By decoding AO and A1, the two transfer data-size signals, 
SIZEO and SIZE1, and the size of the port being addressed, 
PAL devices can easily support dynamic-bus sizing and 
generate appropriate chip-select signals for the four banks of 
memory. 


The DRAM Controller 


The DRAM controller consists of two AMPAL23S8s: the first is 
called the Timing and Arbitration PAL device, and the second Is 
called the Data Sizing and Alignment PAL device (Figure 
3-194). 
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Figure 3-194. A Megabit DRAM Controller 


The Timing and Arbitration Controller 


The timing and arbitration PAL device performs the following 
functions: 


1. Arbitration between current cycle, refresh cycle & CPU 
cycle 

. Read-write-cycle execution 

. Read-modify-write-cycle execution 

. Refresh-cycle execution 

. Interface signaling 


Oh @® Nh 


For arbitration, the timing and arbitration PAL device arbitrates 
between the processor request MREQ signal and the refresh 
request RFCLK, giving the highest priority to the current cycle, 
next to the refresh request, and finally to the processor cycle. 
This sequence supports both intermittant refresh and burst- 
mode refresh. It also uses a mechanism to store the refresh 
requests when the processor cycle is in progress for servicing 
later. 


For address multiplexing, it generates the appropriate 
ROWADD and COLADD signals to multiplex the row and col- 
umn addresses on to the memory address bus. During refresh 


cycles it asserts the RFSH signal by applying Ine refresh-row 
address on the memory-address bus. 


This PAL device executes the read-and-write cycles as well as 
read- modify-write cycles. The selection between these two is 
under the control of the processor signal RMC. 


All timing requirements of the different cycles are shown in the 
timing diagram in Figure 3-196. All the timings of the different 
cycles are under the control of internal registers. The operation 
of the state machine to perform all these functions is also’ 
shown in Figure 3-197. This state diagram has been derived 
directly from the timing diagrams and the arbitration require- 
ments of the design. This state machine is implemented by five | 
of the six available buried state registers on the device, and is 
used primarily for timing and arbitration functions. The sixth 
buried state register which implements a flag function, is repre- 
sented as a small, independent state machine, and described 
below. The state operation was written in AmMCUPL, a high 
level language based PLD software package (Figure 3-198.a), 
which decodes the state description and generates the 
Boolean Logic equation file directly (Figure 3-198.b). Figure 
3-198.c shows the statistics for this PAL (product term usage 
etc) and figure 3-198.5d shows the corresponding fuse plot for 
this PAL. 
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Figure 3-196. Timing Diagram 
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Figure 3-197. State Diagram for the Timing and Arbitration PAL 





Arbitration Between Current Cycles, 
Refresh Cycie, and CPU Cycle 


The request for a refresh is received by signal line RFCLK. The 
CPU requests a cycle by asserting MREQ line. The MREQ 
signal is assumed to be generated synchronously. This signal 
can be generated based upon different system requirements 
—either as a simple decode of address lines, read/write sig- 
nals or from some virtual to physical address translation 
scheme, for some complex systems. If a cycle is in progress, 
as indicated by states other than state 0, no arbitration for a 
fresh cycle is performed. In such a case, this PAL device con- 
tinues to execute the current cycle and sequence through dif- 
ferent states. This effectively implies that the current cycle is 
given the most priority and no other cycle is initiated until its 
completion. When the current cycle is complete (indicated ‘by 
state 0) the PAL device arbitrates between the MREQ signal 
and the buried register B5 flag. This buried register flag is used 
to latch the request for refresh RFCLK, which is usually only 


one clock cycle duration. The operation of this flag is controlled 
by a second small state machine (two states only) in the same — 
device. This second state machine is also shown in Figure 
3-197. When RFCLK is HIGH, this state machine toggles to 
state 1 (B5 = 1) and stays in that state until the refresh cycle is . 
executed (indicated by RFSH signal LOW); it then toggles back 
to state 0 (B5 = 0), preparing itself for the next refresh request 
RFCLK. 


For the first state machine, the arbitration begins on state 0. If 
B5 is HIGH, a refresh cycle is given priority and the state - 
machine jumps to state 16 to execute a refresh cycle. If, on the 
other hand, there is no refresh request pending (indicated by 
the B5 flag being equal to 0) and MREQ is asserted, a proces- 
sor cycle is started by jumping to state 1. If none of these 
condition exist the state machine stays in state 0, polling for 
any of these events to occur. Such a scheme can support both 
burst-mode and intermittent-refresh. . 
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NAME MEGABIT DRAM TIMING & ARBITRATION CONTROLLER; NODE. [B0,B1,B2,83,B4,B5] ; 


LG¢-€ 


PARTNO AMPAL 23S8 ; 
DATE 03/24/86 ; /** Declarations and Intermediate Variable Definitions **/ 
REV 01; 
DESIGNER KAPIL SHANKAR ; 
COMPANY ADVANCED MICRO DEVICES ; FIELD STMA = (B0,81,82,B83,84) ; /** STATE MACHINE A **/ 
ASSEMBLY NONE ; FIELD STMB = [B5] ; /** STATE MACHINE B **/ 
LOCATION SUNNYVALE, CA ; FIELD BANK = [ADSEL1, ADSELO] ; /** MEMORY BANK ADDRESSED **/ 
DEVICE P2388 ; . 
BANKO = BANK : 0 ; 
[RERRRREERERREERERERREREREREEEREREREREERRERREREEREEEREREREEEEEERERE / BANK1 = BANK : 1 : 
/* */ BANK2 = BANK : 2; 
/* */ BANK3 = BANK : 3; 
/* */ 
[AREER EEESERAE LAER AE REELS RERAAERELAEREREEAERELE ER AAR AERA RE EERESERES f SDEFINE SAG 'b'Q0000 /** STATE G we] 
/* Allowable Target Device Types: THE ONLY ONE =] SDEFINE SA1 ‘'b'00001 /** STATE 1 **/ 
LREEEERERERLAE LAER A ARAL AAA AE LEAR SEALER NERA ASSET ELLE S SEER RAMEE / SDEFINE SA2 'b' 00010 /** STATE 2 bade | 
| S$DEFINE SA3 'b'00011 /*® STATE 3 **/ 
/** Inputs **/ SDEFINE SA4 ‘'b'00100 /** STATE 4 **/ 
SDEFINE SA5 'b'00101 /** STATE 5 **/ 
PIN 2 = MREQ ; SDEFINE SA6 'b'00110 /** STATE 6 **/ 
PIN 3 = ADSELO ; SDEFINE SA7 ‘'b'00111 /** STATE 7 **/ 
PIN 4 ADSEL1 ; SDEFINE SA8 'b'01000 /** STATE 8 **/ 
PIN 5 = RMC ; SDEFINE SA9 'b'01001 /** STATE 9 **/ 
PIN 6 = RFCLK ; SDEFINE SA10 'b'01010 /** STATE 10 **/ 
PIN 7 = INIT ; SDEFINE SA11 'b'01011 /** STATE 11 **/ 
SDEFINE SA12 'b'01100 /** STATE 12 **/ 
/** Outputs **/ SDEFINE SA13 'b'01101 /** STATE 13 **/ 
SDEFINE SA14 'b'01110 /** STATE 14 **/ 
PIN 19 = ROWADD ; SDEFINE SA15 'b'01111 /** STATE 15 **/ 
PIN 18 = !IRASO ; SDEFINE SA16 'b'10000 /** STATE 16 **/ 
PIN 17 = !COLADD ; SDEFINE SA17 'b'10001 /** STATE 17 **/ 
PIN 16 = !RAS1 ; SDEFINE SA18 'b'10010 /**® STATE 18 **/ 
PIN 15 = !RAS2 ; SDEFINE SA19 ‘'b'10011 /** STATE 19 **/ 
PIN 14 = !IRFSH ; SDEFINE SA20 'b'10100 /** STATE 20 **/ 
PIN 13 = !RASS ; SDEFINE SA21_ 'b'10101 /** STATE 21 **/ 
PIN 12 = !SIG ; SDEFINE SA22 'b'10110 /** STATE 22 **/ 


Figure 3-198.a Source Code for Timing and Controller PAL 
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SDEFINE SBO 'b'0 
SDEFINE SBI 'b'1 


/** Logic Equations **/ 
/** THE FIRST STATE MACHINE **/ 


SEQUENCE STMA {€ 


/** STATE 0 **/ 
/** STATE 1 **/ 


/** POLLING FOR PROCESSOR OR REFRESH CYCLES **/ 


PRESENT SAO IF !B5 & !MREQ & BANKO 
IF !B5 & !MREQ & BANK1 
IF 185 & !MREQ & BANK2 
IF !B5 & !MREQ & BANKS 

/** PROCESSOR CYCLE **/ 

/** JUMP TO STATE SA1 **/ 


NEXT SA1 
NEXT SA1 
NEXT SA1 
NEXT SA1 


/** ASSERT THE RAS FOR THE MEMORY BANK ADDRESSED **/ 


IF B5 


/** REFRESH CYCLE **/ 
/** JUMP TO STATE SA16 **/ 


/** REMOVE ROW ADDRESS AND SET UP REFRESH ADDRESS **/ 


DEFAULT 
/** ELSE POLL AGAIN **/ 
/** STAY IN STATE SAO **/ 


/** THIS IS THE PROCESSOR CYCLE **/ 


PRESENT SA1_ IF BANKO 
_ IF BANK1 

IF BANK2 

IF BANK3 


OUT 
OUT 
OUT 
OUT 


NEXT SA16 OUT 


NEXT SAO 


NEXT SA2 
NEXT SA2 
NEXT SA2 
NEXT SA2 
NEXT SA2 


/** REMOVE ROW ADDRESS AND SET UP COLUMN ADDRESS **/ 


/** ASSERT SIG TO INFORM DATA SIZING & ALIGNMENT PAL OF PROCESSOR CYCLE **/ 


OUT 


’ 


OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 


RASO 
RAS1 
RAS2 
RAS3 


=e @e Be Be 


ROWADD 
RFSH ; 


RASO 
RAS1 
RAS2 
RASS 
ROWADD 
COLADD 
SIG ; 


=s Ss Ss &s 


PRESENT SA2 IF BANKO 
IF BANK‘ 
IF BANK2 
IF BANK3 


/** MEMORY ACCESS TIME DELAY **/ 


PRESENT SA3_ IF BANKO 
IF BANK1 
IF BANK2 
IF BANKS 


PRESENT SA4 IF BANKO & RMC 
IF BANK? & RMC 
IF BANK2 & RMC 
IF BANKS & RMC 
IF RMC 


NEXT SA3 
NEXT SA3 
NEXT SA3 
NEXT SA3 
NEXT SA3 


NEXT SA4 
NEXT SA4 
NEXT SA4 
NEXT SA4 


-NEXT SA4 


NEXT SA5 
NEXT SA5 
NEXT SA5 
NEXT SA5 
NEXT SA5 


OUT 
OUT 
OUT 


OUT 
OUT 


OUT 
OUT 


OUT 
OUT 
OUT 
OUT 


OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 


RASO ; 
RAS1 ; 
RAS2 ; 
RAS3 ; 
ROWADD 
COLADD 
SIG ; 


RASO'; 
RAS1 ; 
RAS2 ; 
RAS3 ; 
ROWADD 
COLADD 
SIG ; 


!RASO 
IRAS1 
'RAS2 
!RASS 
!ROWADD 
!COLADD 
SIG ; 


See Ss Ss a 


/** DISTINGUISH BETWEEN READ WRITE OR READ MODIFY WRITE CYCLES **/ 
/** IF RMC HIGH EXECUTE AS READ WRITE CYCLE **/ 


/** JUMP TO STATE SAS **/ 


/** ALSO REMOVE COLUMN ADDRESS AND APPLY ROW ADDRESS **/ 


/** ALSO REMOVE THE RAS SIGNAL **/ 


IF BANKO & !RMC 
IF BANK1 & !RMC 
IF BANK2 & !RMC 
IF BANKS & !RMC 
IF 'RMC 


NEXT SA8& 
NEXT SA8& 
NEXT SA8& 
NEXT SA8& 
NEXT SA8& 


/** IF RMC LOW EXECUTE READ MODIFY WRITE CYCLE **/ 


/** JUMP TO STATE SA8& **/ 


OUT 
QUT 
OUT 
OUT 
OUT 
OUT 
QUT 


/** ALSO REMOVE COLUMN ADDRESS AND ASSERT ROW ADDRESS **/ 


Figure 3-198.a Source Code for Timing and Controller PAL (Continued) 


RASO 
RAS1 
RAS2 
RASS 
! ROWADD 
!COLADD 
SIG ; 


=e Ss Se fe 


6S¢-€ 


PRESENT SA5 


/** RAS PRECHARGE TIME DELAY **/ 


PRESENT SA6 


PRESENT SA7 


NEXT 


NEXT 


NEXT 


/** PROCESSOR READ WRITE CYCLE COMPLETE **/ 


/** THIS IS THE READ MODIFY WRITE CYCLE **/ 


PRESENT SA8 IF BANKO 
IF BANK1 
IF BANK2 
IF BANK3 


/** ACCESS TIME DELAY FOR BOTH READ AND WRITE **/ 


PRESENT SA9 IF BANKO 
‘IF BANK1 
IF BANK2 
IF BANK3 


PRESENT SA10 IF BANKO 
IF BANK‘ 
IF BANK2 
IF BANK3 


PRESENT SA11 IF BANKO 
IF BANK1 
IF BANK2 
IF BANK3 


PRESENT SA12 IF BANKO 
IF BANK1 
IF BANK2 
IF BANK3 


NEXT 
NEXT 
NEXT 
NEXT 
NEXT 


NEXT 
NEXT 
NEXT 
NEXT 
NEXT 


NEXT 
NEXT 
NEXT 
NEXT 
NEXT 


NEXT 
NEXT 
NEXT 
NEXT 
NEXT 


NEXT 


NEXT 


NEXT 
NEXT 
NEXT 


SA6 OUT ISIG ;: 


SA7 


SAO 


SA9 OUT 
SA9 OUT 
SA9 OUT 
SA9 OUT 
SA9 OUT 


SA10 OUT 
SA10 OUT 
SA10 OUT 
SA10 OUT 
SA10 OUT 


SA11 OUT 
SA11 OUT 
SA11 OUT 
SA11 OUT 
SA11 OUT 


SA12 OUT 
SA12 OUT 
SA12 OUT 
SA12 OUT 
SA12 OUT 


SA13 OUT 
SA13 OUT 
SA13 OUT 
SA13 OUT 
SA13 OUT 


RASO 
RAS1 
RAS2 
RAS3 
SIG 


RASO 
RAS1 
RAS2 
RAS3 
SiG 


RASO 
RAS1 
RAS2 
RAS3 
SIG 


RASO 
RAS1 
RAS2 
RAS3 
SIG 


RASO 
RAS1 


RAS2 ; 


RAS3 
SIG 


=e =e ee =e =e 


=e me 


=e 


=e =e =e =. me 


8 
’ 
e 
€ 


/** THIS IS THE READ WRITE CYCLE **/ 


PRESENT SA13 IF BANKO NEXT SA14 OUT 
IF BANK1 NEXT SA14 OUT 
IF BANK2 NEXT SA14 OUT 
IF BANKS - NEXT SA14 OUT 


NEXT SA14 OUT 
/** REMOVE THE RAS SIGNAL **/ 


PRESENT SA14 NEXT SA15 OUT 


/** RAS PRECHARGE TIME DELAY **/ 


PRESENT SA15 NEXT SAO ; 


/** PROCESSOR READ MODIFY WRITE CYCLE COMPLETE **/ 


/** THIS IS THE MEMORY REFRESH CYCLE **/ 


PRESENT SA16 NEXT SA17 OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
/** ASSERT ALL FOUR RAS SIGNALS **/ 


PRESENT SA17 NEXT SA18 OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
/** REFRESH TIME DELAY **/ 


PRESENT SA18 NEXT SA19 OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
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!RASO 
!RAS1 
!1RAS2 
'RAS3 
SIG ; 


ISIG ; 


RASO 
RAS1 
RAS2 
RAS3 
ROWADD 
RFSH ; 


RASO 
RAS1 
RAS2 
RAS3 
ROWADD 
RFSH ; 


RASO 
RAS1 
RAS2 
RAS3 
ROWADD 
RFSH : 


09¢-€ 


PRESENT SA19 NEXT SA20 OUT !RASO /**- EQUATIONS FOR SYSTEM INITIALIZATION AFTER RESET **/ 


OUT !RAS1 
OUT !RAS2 (80..B5].ar = !INIT ; 
OUT !RAS3 
OUT !ROWADD RASO.AR = !INIT ; 
OUT !RFSH ; RAS1.AR = !INIT ; 
ROWADD.AR = !INIT ; 
/** REMOVE ALL RAS SIGNALS **/ COLADD.AR = !INIT ; 
/** ALSO REMOVE REFRESH ADDRESS AND ASSERT ROW ADDRESS **/ RAS2.AR = !INIT ; 
; RAS3.AR ss =‘ !INIT ; 
PRESENT SA20 NEXT SA21 ; RFSH.AR = !INIT ; 
/** RAS PRECHARGE TIME DELAY **/ SIG.AR = HINIT; 
PRESENT SA21 NEXT SA22 ; . 
. ; /* THESE ARE THE OUTPUT ENABLES */ 
PRESENT SA22 NEXT SAO ; 
RASO.OE = 'B'l ; 
/** TERMINATE MEMORY REFRESH CYCLE **/ RAS1.0E = 'B'1 ; 
/** GO BACK TO POLLING STATE **/ ROWADD.OE = 'B'l ; 
) . | COLADD.OE = 'B'l ; 
/** THE FIRST STATE MACHINE COMPLETE **/ | RAS2.0E6 = 'B'l ; 
3 | RAS3.O0E = 'B'l ; 
/** THE SECOND STATE MACHINE **/ RFSH.OE = 'B'l ; 
| SIG.OE = 'B'l ; 
SEQUENCE STMB { 
PRESENT SBO IF RFCLK NEXT SB1 ; 
DEFAULT NEXT SBO ; 
/** JUMP TO STATE SB1 **/ 
_/** REMEMBER REFRESH REQUEST **/ 
PRESENT SB1_ IF RFSH NEXT SBO ; 
DEFAULT NEXT SB1 ; 


/** JUMP TO STATE SBO **/ 
/** REFRESH CYCLE EXECUTED THUS RETURN **/ 


> 
/** THE SECOND STATE MACHINE COMPLETE **/ 
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KEKKKKKKKEKEEEREEERREREEREREREREEEREREREEREEEEREREEREREEREREREKEKEKRKEEEREEEKEKEEEREEEE 


MEGABIT 


HRARRKKEKKERKEEEEREKREEREEEEEREEREREERKEERERREREEERKEEREREREEEKREREEREREEEREREEREREEE 


CUPL 2.11a Serial# 9-99999-999 
Device p23s8 Library DLIB-e-22-4 
Created Wed Jul 30 10:47:14 1986 
Name MEGABIT DRAM TIMING & ARBITRATION CONTROLLER 
Partno AmPAL 23S8 

Revision 01 

Date 03/24/86 

Designer KAPIL SHANKAR 

Company ADVANCED MICRO DEVICES 
Assembly NONE 

Location SUNNYVALE, CA 


RFSH.ar => 
TINIT 

RFSH.oe => 
1 

RFSH.d => 


1BO & !B1 & !B2 & !B3 & !B4 & BS 
# 1B1 & !B2 & !B3 & B4 
# 1B0 & B1 & !B2 & !B3 & B4 


BO.ar => 
{INIT 


BO.d => 

1BO & 1B1 & B2 & !B3 & B4 

1BO & !B1 & !MREQ & !B2 & !B3 & !B4 & !B5 
1BO & !B2 & 'B3 & B4 

1BO & B3 & !B4 

1BO & B1 & !B3 & !B4 

1BO & 1B1 & B2 & !B3 & !B4 & RMC 


%* tH RM RH 


STMA => 
BO , B1, B2, B3, B4 


Bi.ar => 
INIT 


B1.d => 
1BO & Bi & !B2 & !B3 & B4 
# BO & !B1 & B3 & !B4 
# BO & !B1 & !83 
# !BO & B1 & !B4 


STMB => 
B5 


B2.ar => 
{INIT 


B2.d => 
1B1 & B2 & !B3 & B4 
# BO & B1 & !B2 & !B3 & B4 
# 180 & !B1 & B2 & B3 & !B4 
# BO & B1 & !B2 & !B4 
# 180 & !B1 & B2 & !B3 & !B4 & RMC 
# BO & !B1 & B2 & !B4 
# 1B0 & B1 & B2 & !B4 


B3.ar => 
tINIT 


B3.d => 
1BO & B1 & B2 & BS & !B4 
#B1& !B2 & B3 & !B4 
# 1BO & 1B1 & B2 & !B3 & !B4 & !RMC 
# 1B1 & BS & !B4 


B4.ar => 
tINIT 


B4.d => 


Figure 3-198.b Boolean Logic Equation for the Timing and Arbitration PAL 
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Bi & !B2 & !B3 & B4 
# 180 & 181 & 182 & 183 & !B4 & BS 
# !1B1 & !B3 & B4 


B5.ar => 
tINIT 


BS.d => 
1BS5 & RFCLK 
# IRFSH & §B5 


S$IG.ar => 
EINIT 


SIG.ce => 
1 


SIG.d => 
BO & !B2 & 183 & !B4 
# 180 & B1 & !B2 & 1B4. 
# BO & 181 & B2 & 184 
#80 & !B1 & B2 & B3 & 184 
# 1B1 & !B2 & B3 & 184 
# BO & B1.& 182 & B3 & !B4 


COLADD.ar => 
HINIT 
COLADD.ce => 

1 
COLADD.d => 


BO & !B2 & !B3 & !B4 
# 180 & B1 & !B2 & !B3 & 184 


BANKO => 
!ADSELO & !ADSEL1 


BANK1 => 
ADSELO & !ADSEL1 


BANK2 => 
!ADSELO & ADSEL1 


BANK3 => 
ADSELO & ADSEL1 


ROWADD.ar => 
{INIT 
ROWADD.oe => 

1 
ROWADD.d => 


1B0 & !B1 & !B2 & !B3 & !B4 & BS 
#80 & !B2 & !B3 & !B4 
# 180 & B1 & !B2-& !83 
# 181 & !B2 & !B3 & B4 


RASO.ar => 
tINIT 

RASO.o0e => 
1 

RASO.d => 


180 & !B81 & !MREQ & !B2 & 1B3 & !B4 & IADSELO & 1B5 & !ADSEL1 
# BO & !B2 & !B3 & !B4 & !ADSELO & !ADSEL1 
# 180 & B1 & !B2 & !B4 & !ADSELO & !ADSEL1 
# 180 & B1 & !B2 & !B3 & B4 
#180 & !81 & B2 & !B3 & !B4 & !ADSELO & !ADSEL1 & !RMC 
#181 & 1B2 & B3 & !B4 & !ADSELO & !ADSEL1 
# BO & B1 & 1B2 & B3 & !B4 & !ADSELO & !ADSEL1 
#180 & !B1 & B2 & B3 & !B4 & !ADSELO & !ADSEL1 
# !1B1 & !B2-& !B3 & B4 


RAS1.ar => 
1INIT 
RAS1.0e => 


1 
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RAS1.d => | #80 & B1 & !B2 & B3 & !B4 & ADSELO & ADSEL1 


1B0 & !B1 & 'MREQ & !B2 & !B83 & !B4 & ADSELO & !B5 & !ADSEL1 # 1B0 & !B1 & B2 & B3 & !B4 & ADSELO & ADSEL1 
# BO & !B2 & !B3 & !B4 & ADSELO & !ADSEL1 #1B1& !B2 & !B3 & B4 
# 180 & B1 & !B2 & !B4 & ADSELO & !ADSEL1 
# 180 & B1 & !B2 & !B3 & B4 BANK => 
# 'BO & 1B1 & B2 & !B3 & !B4 & ADSELO & !ADSEL1 & !RMC ADSEL1 , ADSELO 


# 1B1 & !B2 & B3 & !B4 & ADSELO & !ADSEL1 
# BO & B1 & !B2 & B3 & !B4 & ADSELO & !ADSEL1 
# !180 & 'B1 & B2 & B3 & 'B4 & ADSELO & !ADSEL1 SSSSISSSSSsSPs asst sr ssssssssSlsssssSSssSsssssssrsssssssstsssssSsssszs=sSezs=z== 


#181 & !B2 & 1B3 & B4 Symbol Table 
RAS2.ar => 
INIT Pin Variable Pterms Max Min 
Pol Name Ext Pin Type Used Pterms Level 
RAS2.0@ => ee aan aad See EY eee are, aes 
1 
! RFSH 14 Vv = 7 
RAS2.d => RFSH ar 14 x 1 1 1 
'BO & !B1 & !MREQ & !B2 & !B3 & 1B4 & !ADSELO & !B5S & ADSEL1 ! RFSH oe 14 x 1 1 1 
# BO & !B2 & !B3 & !B4 & !ADSELO & ADSEL1 ! RFSH d 14 x 3 8 1 
# !BO & B1 & !B2 & !B4 & !ADSELO & ADSEL1 BO 21 N . : 
# 'B0 & B1 & !B2 & !B3 & B4 BO ar 21 M 1 1 1 
# !B0 & !B1 & B2 & !B3 & !B4 & !ADSELO & ADSEL1 & !RMC BO d 21 M 6 10 1 
# 1B1 & !B2 & B3 & !B4 & !ADSELO & ADSEL1 INIT 7 Vv - - * 
# BO & B1 & 'B2 & BS & 'B4 & IADSELO & ADSEL1 STMA 0 F - - - 
# 1BO0 & 'B1 & B2 & B3 & !B4 & !ADSELO & ADSEL1 B1 22 N - 7 7 
# §1B1 & !B2 & !B3 & B4 B1 ar 22 M 1 1 1 
B1 d 22 M 4 10 1 
_RAS3.ar => MREQ 2 Vv = . - 
tINIT STMB 0 F : : 
B2 23 N - 7 - 
RAS3.0e => B2 ar 23 M 1 1 1 
1 | B2 d 23 M 7 8 1 
RAS3.d => B3 24 N - : 
'BO & !B1 & !MREQ & !B2 & !B3 & !B4 & ADSELO & 'B5 & ADSELT1 B3 ar 24 4 1 1 1 
# BO & !B2 & !B3 & !B4 & ADSELO & ADSEL1 B3 d 24 M 4 8 1 
# !1B0 & B1 & !B2 & !B4 & ADSELO & ADSEL1 B4 25 N : * . 
# 180 & B1 & !B2 & 1B3 & B4 B4 ar 25 M 1 1 1 
# !B0 & !B1 & B2 & !B3 & !B4 & ADSELO & ADSEL1 & !RMC B4 d 235 M 3 6 1 
#181 & !'B2 & B3 & !B4 & ADSELO & ADSEL1 ADSELO 3 V - = 
B5 26 N - = - 
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B5 
B5 
ADSEL1 
RMC 

! SIG 
SIG 

! SIG 

! SIG 

! COLADD 
COLADD 

! COLADD 


! COLADD — 


BANKO 
BANK‘ 
BANK2 
BANK3 © 
ROWADD 
ROWADD 
ROWADD 


ROWADD 


RFCLK 
! RASO 
RASO 
! RASO- 
! RASO 
1 RAS1 
RAS1 
! RAS1 
! RAS1 
! RAS2 
RAS2 
! RAS2 
! RAS2 
! RAS3 
RAS3 
! RAS3 
! RAS3 
BANK 


LEGEND 


ar 26 M 1 1 1 N : node I : intermediate variable T : function 
d 26 M 2 6 4k Vs variable X : extended variable |  U : undefined 
4 V - - - 
5 V : - - 
12 Vv - - - Srtersisssssssssssssssssstssesssssssssssesstsssssssssssssssssssessrsssssssss= 
ar 12 X 1 1 1 Fuse Plot 
oe 12 X 1 1 1 BSBA SS SSP sssssSssssSsssSsSssSssssssssssssasssssrssssssssssssrssssSzsssss=sz= 
d 12 X 6 8 1 
17 Vv - : OBS 
ar 17 xX 1 1 1 6072 XXXXXXXXXXXXAXXAXXAAXKAAKAKAAK AAA KAK MAKKAH KAKI 
oe 17 x 1 1 1 
d 17 X 2 8 1 SP 
0 I 1 - 7 6118 XXXXXXXXXAXAXAKAAKAKAKAKAK AK AKAKANK AK KAN RK KK NK NK 
0 I 1 - - . 
0 I 1 - J AR 
0 I 1 - - 6164 -----22e- eee eee Pretec cere ees | 
19 V - = : 
ar 19 X 1 1 1 Pin #19 6210 Mode x-xx 
oe 19 X 1 1 1 O0GO. as 2a ees eee Se eh Sn ee ee mie are meee Sie 
d 19 x 4 8 1 0046 ---------- Kicesece catia te Calla Mee Pe aeae Xrerre- 
6 V : - 0092 ---------- Kees ses Dia Ge Moree eee eseees 
18 NY; : - 0158 Sees ese hee == RASH Rae Kare Kose se hee eee Ses 
ar 18 x 1 1 1 0184 ----------- 5 ata : eas a Ko tasre seston 
oe 18 X 1 1 1 0230 XXXXXXXXXAXXXAAXAAXAAKAKAKA AKA AARARAK AK AX KARA K 
“od 18 x 9 10 1 0276 XXXXXXXXXAXXXAXXAAXAAAKAAAXA RAK AAR AK XAK KAKA RAK K 
. 16 V : . O322 XXXXXXXXXXXXAXXXXAAKAKAMAXAKAARAXKKAXAAXKKKAKAKK 
ar 16 X 1 1 1 0368 XXxXXXXXXXXXXXAXAXAXAKAAXAXAKAAK KAN MAK AK KAKA KAA K 
oe 16 xX 1 1 1 Pin #18 6214 Mode -xxx 
d 16 X 9 12 1 ee aa a a a 
15 V - - - 0460 -x---K---KX------- rere Kern Keer ers *Xrsceses 
ar 15 x 1 1 1 0506 ----- Kee RKa eee Kr KRr Sao se Ke ee ees s es see es e 
oe 15 X 1 1 1 0552 ----- K--°XXer cree Kr Kea Kee esses sce eees ee ce 
d 15 X 9 12 1 0598 =+--s=5 255 Koos Kee KEK Se Rone See =e mie 
13 V - - 7 0644 ----- RAPER SK Ses ker Keene Kier See SS at cee ee 
ar 13 x 1 1 1 0690 ----- REo-RK ese Ss Kees te Morte ree estes ee se eee 
oe 13 X 1 1 1 0736 ----- » aaa”, leds KOOP ER Kes ete eas Sees e ress 
d 13 X 9 10 1 0782 ----- KAR NK ese Ko eeKesinnn's Ke Rae ea ele 
0 F - - : 0828 ----------- Keseees Mo <<* Koos Maser Seis noes es 
. 0874 XXXXXXXXAXXXXAKXXAAKAXXXAXKAKKAAKKKAKN KAKA KAKA 
Node 25 
Fs: field D : default variable M : extended node 0920 ----------- Xrrrcee , ein , ie Ce 
. 0966. + =sssse%%> Kener s = X-* XX ee Aras s Xv oes 
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1058 XXXXXXXKKXKKKXKX KXAN K KK KKH IK HII KIKI III III IKI, 
1104 XXxXXXXXXXXXXXXAXXKXX AAA KK KKK HK HHH IK HII I IKI II 
1150 XxXXXXXXXXXXKAKKAXKKKK KKH KIKI KIKI II II ICI IK 


Pin #17 6218 Mode -x 


VIQG: fee ore ses tie ees Riecie ss Se eieeeeses Sar Sone e 
1262, Se raesee es Koeerers KASteR-scSes Yoee ee Seay se ee 
1288 -s2 202" Kanes sis MSPS e ke OSes ree eee ries 


1334 XXXXXXXXXXXAAXAXAXAAAKAKK KKK KAHN KK AHHH HK KKK HII 
1380 xXXXXXXXXXAXXAXAXAKAKKAK KANN KANN KKH KICK KIKI 
1426 XXXXXXXAAXXXKAAKAAK AK HHH HHH KKH HII II 
1472 XXXXXXXAXXXXXXAXXAXXAK ARK AAA KA AKAK MAK KK AKA AK AK K 
1518 XXXXXXXXXXXXAXAXAXAXKAKAAKK KAKA K KAN HK KK IKK KIKI, 
1564 XXXXXXXXXAXXXXAXXXAXXXAAKKKAAKKKAKKAK KKK AK KKK 


Node 23 
TONG: seeeeenone= Rees ees Rese Ker ere Rete Sears 
1656) 22 Se esess KeSsees Ree ee eK ee Ke eee esta aes 
VE0e ses ees ane trees MOK ree Ps Ke eae Se see 
NAB: Sees Te Keene es ata a la aa 
NT94: Aveo ee eee Gy ae Riek Kees Koreans er eee Ss 
184022 see esr Keceeesse Kore RKA ete ee rer ee raat ee 
1GS6 0254 Pees oe Xoeescees Sat Sa «a a oleae os 


1932 XXXXXXXXXXXKXXXXKXAKXKXARKK KKK KKK KKH KK KK KIKI K KKK IKK 


Pin #16 6220 Mode -x 


TQEG or en ane es rea Sa ees eRe ees eS ee 
2024 -X- °K XKe ree Salsa ae al ae Rec snere Mecneees 
ZOO: 2K ORK eH Kiser Roose es Reese Sosa 
C116: See eRe a Reese Kove Kremer ees aoe Sees Ss 
C162. HOR r Reese Keerees Meee er ees ae 
2208 === Xe Hs RXe eK Hees KKK eee HRs oe teks a ae 
Cd ap | ata, Glacilda Koes Asa See a ce 
rae IR eae Coa), eta rete Ks Kee rs hoes Sassen oe 
C46 SRK See KKe ene hs Xoeakes oes KPsa wee eae 
Cove Ser eee ses Kress Kees Keres Meese Sci sk Asin 


2438 XXXXXXXXXXXXXXXKXAXKXXAKK KKK ANN KKH NHK KH KIKI KICK 
2484 XXXXXXXXXXXXXXXXXXXAXAKKKKKKXKKA AK AHHH KK KKK HII IK 
2530 XXXXXXXXXXXXXXKXXAXXXXAAAXAAAKAAAK AMR AKAMA KHAKI 


Node 21 
2O1G. Se etee se oer Me sarsee Keene ee Kent ses eee esses 
2622 +X 2 He Kee ssce:e Meek Kees Meats es Korie ss 
CEOG” sore e eran Rodos Ree Ke geese aaa ae 
2TNG reece Soli ea Kika meces Kesey osen a ae 


2852 XXXXXXAXAXAXXAAXKAXAKAAKAK AKAN AANA KA KAHN KK KK 
2898 XXXXXXAXXAXAXXXAKAXAAAARK AK AK AK KK AK AKAN KA KKK 
2944 XXXAXXXXXAAXAXKAKAXAXKAKKAAKAAN KAKA NANAK KKK IK 
2990 XXXXXXXXXAXXXAXAKAAKAKK AK KAN KKK HK HHI III III IK 
Node 22 


5036 se seeHeees as al KOS Ke aK Hee Karas en aw ee ees 
3082. eer aere = Koneseateses Xxe esse Korerseaeees ees 
= a age ed Rxe oes Roser arenes ee 
SUG se series a eta ReoKe sear acete's vee eR eee 


3220 XXXXXXXXXXXXXAXXAXXAXXAKAKAK AKAN AA KAK ANAK AKAN K NK 
3266 XXXXXXXAXXXXXXAXAKAAKAKXKAKAARKAA AK KKK KKH KINKI 
3312 XXXXXXXXXXXXAXAXKAXAXXAK KAKA AK KAKA KKK KK AK AHN KK 
3358 XXXXXXAXXXXAXXXAXXAXAAKAAKAKAKAK AKA KKK KK AK KKK KKK 
3404 XXXXXXXXXAXXXAAAAKAK KAKA KA KKK KH KKK K AK KKK KK 
3450 XXXxXXXXXXAXXXAXXAXAKKAKAAK AK KAA KKK KAA K AK KKH KKK, 
Pin #15 6222 Mode -x 


DOIG: Soo te Reese se sae e Sree RE Ese Ease peer 
S542) HK “Kr KK ese ee KiciKe Kee ees aaa aati 
3588 ----- le a le aa KAP aKors ess Xpeeetees Shey ers 
3634 ----- ale Se aaa ata RAS Ren eae tes ie ree 
S680 <2os24ese= Koen eee n as ares See cers 
3726 *-=-= Kea KK Ke se KE eXe Kasse s Keele sess ee 
LY 2 ae KrF KAKe esses Koeee Keree es Kira ce esheets 
SOIR 25 Kon KeK Str es MP SK Re aaa aia da 
3864 ----- Keak Marsa San a ta ay Kec sereansstsse 
SIO es eeee ess Kine Kents Kees ae ea aa ara 


BIS6 XXXAXXAXAXAXKXAAXKAXKAK KKK KKH HHH HK HHI KH KKK KKK KKK 
4002 XXXXXXKXXAXXXXKXAAKK KAKA KKK AA KKK HK KKK KKK III 
4048 XXXXXXXAXAKXXXAKX KKK HK KHAKI KKK KKK KKK KKK KAKI 


Node 24 

4094 ---------- Kiserones X= SKK so Hoo ns eee Seen 
4140 moe 222 Re ree ees Kista a Kris passa sees 
A186 eo scence Meares RooKe Keo Ros Sse senceesas 
R256 Sresecee se Korot sess Rereees Bret ee sae ssess 


4278 XXXXXXXXXXXAXAXAX AK KAN AK KKK HK KKH KKK IKK KIKI 
4326 XXXXXKAXXAAXKAKAXAXAXAXKAK AAR AK HAKKAR AKAK AKAN, 
4370 XXXXXXXXXXXXXAXAXXXAXXAXXAAXAAAK KAKA AK AAR A KK NAH, 
4416 XXXXXXXXXXXXXXXXAXXXAXAXXKKK AK KKK HK KAA KHAKI 


Pin #14 6224 Mode -x 
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eae pasonen ere paint guidueteciveens Chip Diagram 
4600 rete atataeihew Bh x Oe ee ee Xo XK X ee rt ee en grey Sa Se an as Se Sn Gast Sw aoe Sams Se Gans Mane Sans Gas SOws cay ue Gam Sup! OUND SD So GED sams SOD ee SD Gams aed Gabe Saad GON aT Sed Soe SNS SD GD SEND OU CD MY OD SED SD a SS SS Ss CO Ge SOS Oe a 
4646 XXXXXXXXXXXXXXXXXXXXXXXKAXAXAXAKAAKAKXAA KAKA K KKK oa 
RRKKRERKEEE RRRRRRERREN 
4692 XXXXXXXXXXAXAXAAARAKAAKAKAKAKHAAAA AKA K KKK KKK KIKI IK 
* * & * 
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Figure 3-198.d Fuse Plot and Chip Diagram for the Timing and Arbitration PAL Device (Continued) 
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Processor Read Write Cycle Execution 


When the processor cycle wins the arbitration, indicated by 
state 1, the timing and control signals required for the proces- 
sor cycle are initiated. 


There are four memory banks in the design each with four 
Mbytes of memory organized as 1M X 32 bits, as shown in 
Figure 3-195. The Timing and Arbitration PAL device gener 
ates the four RASO-RAS3 signals, one for each memory bank. 
The selection of one of these four RAS signals depends upon 
the two input ADSELO & ADSEL1 signals. In most systems 
these would constitute the high bits of system-processor ad- 
dress bus. 


After asserting the appropriate RAS signal, the state machine 
jumps to state 2 to manipulate its address-handling signals. 
For address multiplexing, this timing and arbitration PAL device 
generates the appropriate ROWADD and COLADD signals to 
multiplex the row and column addresses on to the memory- 
address bus. In state 2 it removes the ROWADD signal and 
asserts the COLADD signal to allow assertion of the column 
address to the memory. At the same ,time it asserts another 
signal, SIG that is used to inform the Data Sizing and Align- 
ment PAL device of the existance of a processor requested 
cycle, and to generate the appropriate CAS signals for the 
memory. 


The state machine then sequences through till state 4, allowing 
for the data-access time. At state 4, it decides between the 
read-write cycle or a read-modify-write cycle, based on proces- 
sor signal RMC, and jumps to either state 5 (for read-write 
cycle) or state 8 (for read-modify-write cycle). For read-write 
cycle, it removes the RAS signals and waits for another cycle 
for the RAS precharge time before completing the cycle. Simul- 
taneously, it also removes COLADD signal and asserts 
ROWADD signal, preparing the memory for the next processor 
cycle. The SIG signal to the Data Sizing and Alignment PAL 
device is also removed. The DSACK signal (acknowledgment 
to the processor) and the WE signals (for a write cycle) are 
generated if and when required under the control of the Data 
Sizing and Alignment PAL device. 


Processor Read Modify Write Cycle Execution 
When the processor requests a read-modify-write cycle by 


asserting RMC signal, the Timing and Arbitration PAL device 
automatically increases the length of the cycle. It keeps the 


RAS asserted for the appropriate duration of a read-modify- 
write cycle. At the same time, the Data Sizing and Alignment 
PAL device generates the appropriate WE and DSACK sig- 
nals. After this extended RAS assertion, the Timing and Ar 
bitration PAL device completes the cycle, similar to the 
read-write cycle. 


Refresh Cycle Execution 


When the arbitration is won by the refresh cycle, the Timing 
and Arbitration Control PAL device executes a RAS-only 
refresh cycle. On state 16 it removes the ROWADD signal and 
asserts the RFSH signal, which applies the refresh row- 
address on to the memory-address bus. Then in state 17 it 
generates all four RASO-RAS3 signals, refreshing all memory 
banks. It then counts for a few states, depending upon the 
refresh timing requirements of the memory, before removing 
the RAS and RFSH signals. On removal of the RFSH signal, 
the external 10-bit refresh-row address-counter (AmPAL 
22V10) is also incremented for the next row. 


Interface Signalling 


An additional function performed by this PAL device is to inform 
the Data Sizing and Alignment PAL device of the execution 
timing reference of a processor cycle. It does this by asserting 
SIG signal LOW for all processor cycles. This signal is basi- 
cally used as a synchronizing signal between these two inde- 
pendent PAL devices. 


Data Sizing and Alignment PAL 


The Data Sizing and Alignment PAL device performs the 
following functions: 


1. CAS generation (for dynamic sizing and alignment) 
2. DSACK generation (for dynamic sizing and alignment) 
3. WE generation for write/read-modify-write cycles. 


The Data Sizing and Alignment PAL device's state machine 
diagram (shown in Figure 3-199) is synchronized to the Timing 
and Arbitration PAL device’s state machine by using signal 
SIG. This PAL device has no function for a refresh cycle. For a 
processor cycle, it asserts appropriate signals CASO-CAS3, 
WE and generates the cycle-complete signals DSACKO- 
DSACK1 to the system processor. The state machine functions 
are implemented in the four buried state registers on this 
device. 
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Figure 3-199. State Diagram for the Data Sizing and Alignment PAL 
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CAS Generation 


The state machine starts at initial polling state 0, and remains 
at this state until receiving a SIG signal from the Timing and 
Arbitration PAL device indicating the start of a processor cycle. 
The maximum allowable data width for the 68020 processor is 
32 bits. The data bus is split into four-byte wide segments. The 
CAS signals for these four-byte segments are independently 
controlled, allowing independent byte-wide read-write capabil- 
ity. These four CAS 0-3 signals strobe the column address for 
the LOW-to-HIGH order bytes of memory. They also allow read 
and write for low-low, low-middle, high-middle and high-high 
bytes of a 32-bit data port. For 16-bit data port size, CAS-2-3 
provides the low- and high-byte strobes respectively. For an 
8-bit port, only CAS3 is used. 


In state 1 the CAS signals are asserted. Which CAS signals 
are asserted depends upon the PORT size available, the DATA 
size transfer being attempted by the processor, and the align- 
ment of transfer required. As explained before, the attempted 
transfer data size is encoded on two SIZO, SIZ1 bits by the 
processor and the alignment is indicated by the least signifi- 
cant address bits AO, A1 of the processor. 


The port size is very application-dependent. Different systems 
might require either static or dynamic selection of this port size. 
For example the designer can define different address ranges 
where the port size may be different. Alternately, jumpers can 
also define the port size. For illustrative purposes general- 
purpose means are provided to control data-port size and the 
consequent generation of CAS signals. Two input pins PRTO & 
PRT1 define the size of the port. 


Port Size 


As described above, based on the input pins PRT1, PRTO the 
size of data bus is decided. 


PRTO PRT1 SIZE 
L L 8 bits 
L H 16 bits 
H L 16 bits 
H H 32 bits 


For 32-bit ports, all four CAS signals need to be asserted, but 
for a 16-bit port, only two CAS signals need to be asserted. For 


an 8-bit port CAS3 is always asserted. The processor always 
attempts to transfer the maximum possible amount of data. Its 
SIZO,1 signal encodes the amount of data being transferred. 


The table below illustrates the relationship of the data size, port 
size, and alignment that is decided by address bits A1, AO. 
Assertion of appropriate CAS signals is dependent upon: port 
size PRTO, PRT1 or; attempted transfer data size SIZEO, 
SIZE1 and address bits AO, A1 shown in Table 3-25. 


The data from Table 3-25 is used in the state description syn- 
tax to generate the CAS signals for state 1. The software 
compiles the boolean equations for this logic directly. 


Once asserted, the CAS signals are held asserted for the req- 
uisite timing durations by the state machine until the appropri- 
ate read-write or read-modify-write cycles are completed. 


DSACK Acknowledge to CPU 


The amount of data received by any device is dependent upon 
its port size. Based on the port size PRTO, 1, the encodings for 
DSACKO, 1 are generated to acknowledge the CPU and inform 
it of the port size. The acknowledgment timing is synchronized 
by the state machine. For read-write cycles, the DSACK sig- 
nals are generated in state 1 and removed on cycle completion 
in state 4. 


For read-modify-write cycle a slight complication exists. The 
read-modify-write cycle requires two DSACK signals for read 
and write. The first DSACK (used for both R/W & RMW cycles) 
is generated in state 1 and removed in either state 4 or state 5. 
The second, required for read-modify-write cycle only is 
generated in state 8 and removed in state 11. 


WE Generation 


For the read-write cycle only, in state 1 based on RMC HIGH 
(not a read-modify-write cycle) and R/W being LOW (write 
cycle), the WE is generated for normal write cycles. For read- 
modify-write cycle, a delayed WE signal is generated always 
based upon the internal 4-bit state counter in state 8 (Figure 
3-196). Figure 3-200.a shows the high-level language specifi- 
cations for this PAL (using AmMCUPL). Figure 3-200.b shows 
the corresponding Boolean logic equations; Figure 3-200.c 
shows the statistics for this PAL device, and Figure 3- 200.d 
shows the fuse plot for this device. 
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TABLE 3-25. DATA BUS ACTIVITY FOR BYTE, WORD, AND LONG WORD PORTS 


Data Bus Active Sections 
Transfer _ _ Byte (B)—Word (W)—Long Word (L) Ports _ 
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MEGABYT DRAM DATA SIZING & ALIGNMENT CONTROLLER; NODE {[80,81,82,B3) ; 


NAME 

PARTNO AmPAL 2388 ; 

DATE 03/24/86 ; /** Declarations and Intermediate Variable Definitions **/ 

REV 01 ; 

DESIGNER KAPIL SHANKAR ; 

COMPANY ADVANCED MICRO DEVICES ; FIELD STM = [(B0,81,B82,B3] ; /** THE STATE MACHINE **/ 

ASSEMBLY NONE ; 

LOCATION SUNNYVALE, CA ; 

DEVICE P2388 ; FIELD PORTSIZE = [PRT1, PRTO] ; /** SIZE OF THE PORT **/ 
/** INTERFACED TO PROCESSOR **/ 

[RERERRERERERHEEEREREREREEERERREERERRERERREERRRERERRREEERERERERERRE 7 PORT8 = PORTSIZE : 0 . /** 8 BIT WIDE PORT ball f 

a =f PORT16 = PORTSIZE : 2; /** 16 BIT WIDE PORT **/ 

j* */ PORT32 = PORTSIZE : 3; /** 32 BIT WIDE PORT **/ 

[ a 


[ERRRRRERREEEREEE RARE ERE RERERERERERREEEREREREREREERERERREREREEEKEEE / 


/* Allowable Target Device Types: 


[RRRRKEEKRREERERERREREREREREKEREREREREREREREREEEREREEREEEEERERERERER / 


[** 


PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 


[** 


PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 


Inputs 


=~ OAN OV WN 


babel d 


= SIG; 
= AO 
= Al 
= RW 
= RMC ; 

= $120 ; 
= SIZ1; 
= PRTO ; 
= PRT1; 


=e @e Me 


= INIT 


baal J 


= IWE ; 
= ICAS2 
= §CASO 
= !CAS3 
= !CAS1 
= !IDSACK1 
= !DSACKO 


=s = =e =e. 


=e a 


THE ONLY ONE =f /** DEFINE THE STATES **/ 
SDEFINE SAO ‘'b'0000 /** STATE 0 **/ 
SDEFINE SA1 'b'0001 /** STATE 1 **/ 
SDEFINE SA2 ‘'b'0010 /** STATE 2 **/ 
SDEFINE SA3  ‘'b'0011 /** STATE 3 **/ 
SDEFINE SA4 'b'0100 /** STATE 4 **/ 
SDEFINE SAS ‘'b'0101 /**® STATE 5 **/ 
SDEFINE SA6 = 'b'0110 /** STATE 6 **/ 
SDEFINE SA7  'b'0111 /**: STATE 7 **/ 
SDEFINE SA8 ‘'b'1000 /** STATE 8 **/ 
SDEFINE SA9 'b'1001 /** STATE 9 **/ 
SDEFINE SA10 'b'1010 /** STATE 10 **/ 
SDEFINE SA11 'b'1011 /** STATE 11 **/ 


/** Logic Equations **/ 

/** THE STATE MACHINE **/ 

SEQUENCE STM { 

/** POLLING FOR SIG INDICATING A PROCESSOR CYCLE **/ 


Figure 3-200.a Source Code for Data Sizing and Alignment PAL 
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> PORT DATA OFFSET STATE OUTPUT **/ /** ELSE WAIT FOR THE PROCESSOR CYCLE **/ 


PRESENT SAO /** POLL AGAIN **/ 
/** FOR PORTSIZE 8 **/ /** STAY IN STATE SAO **/ 
IF !SIG & PORT8 NEXT SA1 OUT CASS ; 


/** THIS IS THE PROCESSOR CYCLE START **/ 
/** GENERATE ACKNOWLEDGE **/ 


IF !SIG & PORTS NEXT SA1 OUT DSACKO ; PRESENT SA1 
IF CASO NEXT SA2 OUT CASO ; 
IF CAS1 NEXT SA2 OUT CAS! ; 
/** FOR PORTSIZE 16 **/ IF CAS2 NEXT SA2 OUT CAS2 ; 
IF !SIG & PORT16 & !A0 NEXT SA1 OUT CAS3 ; | IF CAS3 NEXT SA2 OUT CAS3 ; 
IF !SIG & PORT16 & !SIZO & S1Z1 & AO NEXT SA1 OUT CAS2 ; IF $RW & RMC NEXT SA2 OUT WE ; 
IF PORTS NEXT SA2 OUT DSACKO ; 
/** GENERATE ACKNOWLEDGE **/ IF PORT16 NEXT SA2 OUT DSACK1 ; 
IF !SIG & PORT16 NEXT SA1 OUT DSACK1 ; | IF PORT32 NEXT SA2 OUT DSACKO 
OUT DSACK1 ; 
NEXT SA2 ; 
/** FOR PORTSIZE 32 **/ 
/** BYTE TRANSFER SIZE **/ | /** HOLD CAS GENERATED IN THE LAST STATE **/ 
IF !SIG & PORT32 & !A1 & 1A0 NEXT SA1 OUT CAS3 ; /** IF WRITE CYCLE AND NOT READ MODIFY WRITE CYCLE ASSERT WE **/ 
IF !SIG & PORT32 & !A1 & AO NEXT SA1 OUT CAS2 ; /** JUMP TO STATE SA2 **/ 
IF !SIG & PORT32 & !A1 & !S1Z0 NEXT SA1 OUT CAS2 ; 
IF !SIG & PORT32 & !A1 & SIZ1 NEXT SA1 OUT CAS2 ; PRESENT SA2 
IF !SIG & PORT32 & Al & !A0 NEXT SA1 OUT CAS1 ; IF CASO NEXT SA3 OUT CASO ; 
IF !SIG & PORT32 & !A1 & !S1Z1 & !S1Z0 NEXT SA1 OUT CAS! ; IF CAS1 NEXT SA3 OUT CASI ; 
IF 1SIG & PORT32 & !A1 & S121 & S1ZO NEXT SA1 OUT CASI ; IF CAS2 NEXT SA3 OUT CAS2 ; 
IF !SIG & PORT32 & !A1 & AO & !S1Z0 NEXT SA1 OUT CAS1 ; IF CAS3 NEXT SA3 OUT CAS3 ; 
IF !SIG & PORT32 & Al & AO NEXT SA1 OUT CAS3 ; IF IRW & RMC NEXT SA3 OUT WE ; 
IF !SIG & PORT32 & !S1Z1 & !S1Z0 NEXT SA1 OUT CAS2 ; IF PORTS NEXT SA3_ OUT DSACKO ; 
IF ISIG & PORT32 & AO & SIZ1 & SIZO +—— NEXT SA1 OUT CAS1 ; IF PORT16 NEXT SA3_ OUT DSACK1 ; 
IF PORT32 NEXT SA3 OUT DSACKO 
/** GENERATE ACKNOWLEDGE **/ | OUT DSACK1 ; 
IF !SIG & PORT32 NEXT SA1 OUT DSACKO NEXT SA3 ; 
OUT DSACK1 ; 
/** HOLD CAS GENERATED IN THE LAST STATE **/ 
/** JUMP TO STATE SA1 **/ /** HOLD WE FOR ACCESS DURATION **/ 
/** ASSERT THE CAS FOR THE RIGHT PORTSIZE DATASIZE AND ADDRESS OFFSET **/ /** JUMP TO STATE SA3 **/ 
IF !SIG & !RW & RMC NEXT SA1 OUT WE ; _ PRESENT SA3 
/** GENERATE WE FOR READ WRITE CYCLE ONLY **/ IF RMC NEXT SA4 OUT ! CASO 
OUT !CAS1 
IF SIG NEXT SAO ; OUT !CAS2 


Figure 3-200.a Source Code for Data Sizing and Alignment PAL (Continued) 
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OUT !CAS3 /** CONTINUE THE READ MODIFY WRITE CYCLE **/ 
OUT !WE 
OUT !DSACKO PRESENT SA6 
OUT !DSACK1 ; IF CASO NEXT SA7 OUT CASO ; 
IF CAS1 NEXT SA7 OUT CAS! ; 
/** FOR READ WRITE CYCLE REMOVE CAS AND WE FOR CYCLE COMPLETION **/ IF CAS2 NEXT SA7 OUT CAS2 ; 
/** ACKNOWLEDGE CYCLE COMPLETION BY ACKNOT **/ IF CAS3 NEXT SA7 OUT CAS3 ; 
/** JUMP TO STATE SA4 **/ NEXT SA7 ; 
IF CASO & !RMC NEXT SA5 OUT CASO ; /** CONTINUE THE READ MODIFY WRITE CYCLE **/ 
IF CAS1 & !RMC NEXT SA5 OUT CAS1 ; 
IF CAS2 & !RMC NEXT SAS OUT CAS2 ; PRESENT SA7 
IF CAS3 & !RMC NEXT SAS OUT CAS3 ; IF CASO NEXT SAB OUT CASO ; 
IF !RMC NEXT SA5 OUT !DSACKO IF CAS1 NEXT SA8 OUT CAS1 ; 
QUT !DSACK1 ; IF CAS2 NEXT SAB OUT CAS2 ; 
IF CAS3 NEXT SAB OUT CAS3 ; 
/** FOR READ MODIFY WRITE CYCLE CONTINUE TO ASSERT CAS SIGNALS **/ IF PORTS NEXT SA8 OUT DSACKO ; 
/** ACKNOWLEDGE COMPLETION OF READ PORTION OF THE CYCLE BY ACKNOT **/ IF PORT16 NEXT SA8 OUT DSACK1 ; 
/** JUMP TO STATE SAS **/ IF PORT32 NEXT SA8 OUT DSACKO 
OUT DSACK1 ; 


NEXT SA8 OUT WE ; 
/** REMAINING PORTION OF THE READ WRITE CYCLE **/ 
/** THIS IS THE WRITE PORTION OF THE READ MODIFY WRITE CYCLE **/ 
/** GENERATE THE WE SIGNAL FOR ENABLING WRITE **/ 
/** GENERATE THE CORRECT ACKNOWLEDGE FOR THE WRITE CYCLE PORTION **/ 
/** CONTINUE TO ASSERT CAS **/ 


PRESENT SA4 NEXT SAO ; 


/** GO BACK TO POLLING STATE SAO **/ 
7* COMPLETION OF READ WRITE CYCLE **/ 


PRESENT SA8 


iF CASO NEXT SA9 OUT CASO ; 
IF CAS1 NEXT SA9 OUT CAS1 ; 
/** REMAINING PORTION OF THE READ MODIFY WRITE CYCLE **/ IF CAS2 NEXT SA9 OUT CAS2 ; 
IF CAS3 NEXT SA9 OUT CAS3 ; 
PRESENT SA5 IF PORTS NEXT SA9 OUT DSACKO ; 
IF CASO NEXT SA6 OUT CASO ; IF PORT16 NEXT SA9 OUT DSACK1 ; 
IF CAS1 NEXT SA6 OUT CAS1 ; IF PORT32 NEXT SA9 OUT DSACKO 
IF CAS2 NEXT SA6 OUT CAS2 ; OUT DSACK1 ; 
IF CAS3 NEXT SAG OUT CAS3 ; NEXT SA9 OUT WE ; 
NEXT SA6 


Figure 3-200.a Source Code for Data Sizing and Alignment PAL (Continued) 
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PRESENT SAY /** EQUATIONS FOR SYSTEM INITIALIZATION AFTER RESET tal 
IF CASO NEXT SA10 OUT CASO . 


& 
IF CAS1 NEXT SA10 OUT CAS1 ; [80..83).ar = !INIT ; 

IF CAS2 NEXT SA10 OUT CAS2 ; 
IF CAS3 NEXT SA10 OUT CAS3 ; CASO.AR = FINIT; 
IF PORTS NEXT SA10 OUT DSACKO ; CAS1.AR = FINIT; 
IF PORT16 | NEXT SA10 OUT DSACK1 ; DSACKO.AR = !INIT ; 
IF PORT32 NEXT SA10 OUT DSACKO DSACK1.AR = !INIT ; 
OUT DSACK1 ; CAS2.AR = FINIT > 
NEXT SA10 OUT WE ; CAS3.AR = FINIT ; 
WEAR = HINIT ; 

/** THIS IS THE WRITE PORTION OF THE READ MODIFY WRITE CYCLE **/ 
PRESENT SA10 /* THESE ARE THE OUTPUT ENABLES */ 
NEXT SA11 OUT !CASO 7 

OUT !CAS1 CASO.O0—E = "BY; 
OUT !CAS2 CAS1.06 = 'B'l ; 
OUT !CAS3 DSACKO.OE = 'B'1 ; 
OUT !DSACKO DSACK1.0E = 'B'1 ; 
OUT !DSACK1 CAS2.0E = 'B'l ; 
OUT !WE ; CAS3.0E = 'B'l ; 
WE .OE = ‘B11 ; 


/** COMPLETION OF THE WRITE PORTION OF THE READ MODIFY WRITE CYCLE **/ 
/** REMOVE ALL CAS WE AND ACKNOWLEDGE COMPLETION **/ 


/** REMAINING PORTION OF THE READ MODIFY WRITE CYCLE **/ 


PRESENT SA11 NEXT SAO ; 
/** GO BACK TO POLLING STATE SAO **/ 
/** COMPLETION OF THE READ MODIFY WRITE CYCLE **/ 


} 
/** THE STATE MACHINE COMPLETE **/ 


Figure 3-200.a Source Code for Data Sizing and Alignment PAL (Continued) 
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MEGABYT 
HHRKRHKE REIKI REITER II IIIA AAI IAAI ASIII IASI AIAN IASI IAA ASI IAAAARIIIIA 


CUPL 2.11a Serial# 9-99999-999 
Device p23s8 Library DLIB-e-22-4 
Created Wed Jul 30 10:13:11 1986 
Name MEGABYT DRAM DATA SIZING & ALIGNMENT CONTROLLER 
Partno AmPAL 23S8 

Revision 01 

Date 03/24/86 

Designer KAPIL SHANKAR 

Company ADVANCED MICRO DEVICES 
Assembly NONE 

Location SUNNYVALE, CA 
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BO.d => 
1BO & !B2 & B3 
# BO & B1 & !B2 & !B3 & !RMC 
# 'PRTO & !BO & 181 & !B2 & !B3 & !SIG 
# 'BO & B1 & !B3 
# !BO0 & !B1 & !B2 & !B3 & RMC & !SIG & !RW 
# PRTO & PRT1 & !BO & !B1 & !B2 & 1B3 & !SIG 


Bi.ar => 
HINIT 


Bi.d => 
180 & B1 & !B2 & BS 
# BO & !B1 & !B2 & B3 
# !BO & B1 & !B3 
# PRTO & PRT1 & BO & !B1 & !B2 
# IPRTO & BO & !B1 & !B2 
# BO & !B1 & !B3 


DSACKO.ar => 
1INIT 


DSACKO.0e => 
1 


DSACKO.d => 
IPRTO & !PRT1 & !BO & !B1 & !B2 & !B3 & !SIG 
# PRTO & PRT1 & !BO & !B1 & !B2 & !B3 & !SIG 
# IPRTO & !PRT1 & BO & !B1 & !B2 
# IPRTO & !PRT1 & !BO & B1 & !B2 & !B3 
# PRTO & PRT1 & !BO & B1 & !B2 & !B3 
# PRTO & PRT1 & !B1 & !B2 & B3 
# IPRTO & !PRT1 & BO & B1 & B2 & !B3 
# PRTO & PRT1 & BO & B1 & B2 & 183 
# IPRTO & IPRT1 & !B0 & !B1 & !B2 & B3 


B2.ar => 
tINIT 


B2.d => 
1BO & B1 & B2 & !B3 
# BO & !B1 & B2 & !B3 
# BO & B1 & !B2 & !B3 


DSACK1.ar => 
INIT 


DSACK1.0e => 
1 


DSACK1.d => 
PRT1 & !B0 & !B1 & !B2 & !B3 & !SIG 
# PRT1 & BO & !B1 & !B2 
# PRT1 & !B0 & B1 & !B2 & !B3 
# PRT1 & !BO & !B1 & !B2 & BS 
# PRT1 & BO & B1 & B2 & !83 


B3.ar => 
TINIT 


Figure 3-200.b Boolean Logic Equations for the Data Sizing and Alignment PAL 
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B3.d => 
180 & B1 & !B2 & B3 
# 1B1 & !B2 & B3 
# BO & B1 & B2 & !B3 


PORT32 => 
PRTO & PRT1 


PORT16 => 
!PRTO & PRT1 


DSACKO => 
PRTO & PRT1 & BO & !B1 & !B2 & 183 


STM => 
BO , 81, B2, B3 


PORTSIZE => 
PRT1 , PRTO 


WE.ar => 
!INIT 


'WE.oe => 


1 


WE.d => 
1BO & !B1 & !B2 & !B3 & RMC & !ISIG & !RW 
# BO & !B1 & !B2 & !B3 & RMC & !RW 
# 180 & B1 & !B2 & !B3 & RMC & !RW 
# 1B1 & !B2 & B3 
#280 & B1 & B2 & 183 


CASO.ar => 
INIT 

CASO.0e => 
1 

CASO.d => 


BO & !B1 & !B3 & CASO 


# 180 & B1 & !B3 & CASO 

#'B1 & !B2 & B3 & CASO 

# BO & BI & !B2 & !B3 & IRMC & CASO 
# BO & B1 & B2 & !B3 & CASO 


CAS1.ar => 
HINIT 

CAS1.0e => 
1 

CAS1.d => 


PRTO & PRT1 & !AO & !B0 & A1 & !81 & !B2 & $83 & !SIG 
# PRTO & 1S1ZO & PRT1 & !S1Z1 & !BO & !A1 & 1B1 & !B2 & !B3 & ISIG 
# PRTO & S1Z0 & PRT1 & S1Z1 & !B0 & 1A1 & !B1 & !B2 & !B3 & !SIG 
# PRTO & !S1Z0 & PRT1 & AO & !B0 & !A1 & 181 & 1B2 & 183 & ISIG 
# PRTO & SIZO & PRT1 & SIZ1 & AO & !B0 & 181 & 182 & 1B3 & ISIG 
#80 & !B1 & !B3 & CAS! 
# 1B0 & B1 & !B3 & CAS1 
# 1B1 & !B2 & B3 & CAS1 
# BO & B1 & !B2 & !B3 & IRMC & CAS1 
# BO & Bi & B2 & !B3 & CAS1 


CAS2.ar => 
fINIT 

CAS2.0e => 
1 

CAS2.d => 


IPRTO & !SIZO & PRT1 & SIZ1 & AO & !BO & !81 & !B2 & !B3 & !SIG 
# PRTO & PRT1 & AO & !B0 & !A1 & !B1 & !B2 & 183 & ISIG 
# PRTO & !SIZO & PRT1 & !BO & !A1 & 1B1 & 1B2 & 1B3 & ISIG 
# PRTO & PRT1 & SIZ1 & !BO & 1A1 & !B1 & 1B2 & 1B3 & ISIG 
# PRTO & !SIZO & PRT1 & !SIZ1 & !BO & !B1 & 1B2 & !B3 & !SIG 
#80 & !B1 & !B3 & CAS2 
# 'B0 & B1 & !B3 & CAS2 
# 1B1 & !B2 & B3 & CAS2 
# BO & B1 & !B2 & !B3 & IRMC & CAS2 
# BO & B1 & B2 & !B3 & CAS2 


CAS3.ar => 


Figure 3-200.b Boolean Logic Equations for the Data Sizing and Alignment PAL (Continued) 
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tINIT B1 
B1 
CAS3.0e => § DSACKO 
1 DSACKO 
! DSACKO 
CAS3.d => ! DSACKO 
IPRTO & !PRT1 & !BO & !B1 & !B2 & !B3 & !SIG B2 
# !PRTO & PRT1 & !AO0 & 'BO & !1B1 & 'B2 & !1B3 & !SIG B2 
# PRTO & PRT1 & !AD & !BO & 'A1 & !1B1 & !B2 & !B3 & ISIG Be 
# PRTO & PRT1 & AO & 'BO & A1 & 1B1 & 'B2 & 1B3 & ISIG ‘1 DSACK1 
# BO & !'B1 & !B3 & CAS3 DSACK1 
# !BO & B1 & !B3 & CAS3 ! DSACK1 
# §B1 & !B2 & B3 & CAS3 ! DSACK1 
#80 & B1 & !B2 & !B3 & IRMC & CAS3 B3 
#80 & Bi & B2 & !B3 & CAS3 B3 
. B3 
PORT8 => RMC 
IPRTO & !PRT1 SIG 
PORT32 
INIT.oe => PORT16 
0 DSACKO 
STM 
PORTSIZE 
SHePSsSr sss Hs SH Ta TS a SrsSTSsSSsSssSSSSSSSTSsSsSSsTSSSSSSS TT aSSTSST=SHTa=SSEETz=== [ WE 
Symbol Table WE 
EP eee tet SS ee ee ee et i WE 
! WE 
Pin Variable Pterms Max Min ! Caso 
Pol Name Ext Pin Type Used Pterms Level CASO 
wee see ewene ae siaiad soos te scie* 2eneee. “sees ! CASO 
' Caso 
PRTO 9 Vv . : : ! CAS1 
$120 7 V - - : CAS1 
PRT1 11 Vv - 7 . ! CAS1 
$121 8 Vv - : : ! CAS! 
AO 3 V : ! CAS2 
BO 21 N : 5 CAS2 
BO ar 21 M 1 1 1 ! CAS2 
BO d 21 M 6 10 1 ! CAS2 
INIT 12 V - - 1 CAS3 
Al |] V = : CAS3 
B1 22 N ; - . ! CAS3 


Figure 3-200.c Statistics for Data Sizing and Alignment PAL Device 
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! CAS3 d 16 


x 9 12 1 0736: == Rees ear eee Koso ee eee en ess 
RW 5 V . . * 0782. se =e= Rasa Kies res Messe Kae tee eek eee 
PORTS 0 I j - ’ 0828 ------- Xr tree kee RK ORK ee Keser eccccccees 
INIT oe 12 D 1 1 0 0874 ------- Ko ene escent Moro Ko Reese Nee vie cece eee ees 
Node 25 
0920 XXXXXXXAXXXAXXAXAXXXAXAKAAAAAAARANARANRKN KAKA NK AKA, 
LEGEND F : field D : default variable M : extended node 0966 XXXXXXXXAXAAXXAAAAXAARAKAARAK ANAK AK KAA KAK ANAK 
N : node I: intermediate variable T : function 4O12 AXXXXXAXARARARAAAAAARARAAANAAAAA AK AKAN ANAK KN NK 
V: variable X : extended variable U : undefined 1058 XXXXxXXAXARARARAAAAXAARARARARAKARAKKAAAARARAKAK 
1104 XXXXXXXAAXAXXAAAAXAAKAAKAKAAKAAKAKARKAAK KAA AKA 
1150 xXXXXXXXXAXAXAXAARARANAAARAR AR ARAN AKAK AKA AK KKH 
Storssosssssssssrssssrrssstrssssstssstssstsssssssissessssssscsrss2ssssss2s=ss2=5 Pin #17 6218 Mode -x 
Fuse Plot V1IGG meee ener rece neem cece ne ne enn wccccccccccccucccce 
Saassssssssassessssssassssasesssssssssssssssssssssssssssssssssassssssssssszs=s= 1242 corr cecccereres Xeresess XX-e+- Krorccsccceccees 
1288 --- cece rer eeees Kectess MooKr or eKr cscs ccccces 
-OBS 13354 +8 eae Sees e sees K-*Ke+++- Korrees Kerccecceenccee 
6072 XXXXXXAAXAXAXAAXAAKAAK KAKA AAR AK AA KAAN KHAN K KKK KICK . 1380 ---rc rere eee ee KKK KK Ke cece esse ccc cee 
| 1426 ccccccccscecees Kr eK eK Kee Recess cc cccccces 
SP. . 1472 XXXXXXAXXAXXXAXAAXKAXAAXAKAAKAKAKKAKK AK AA KAKI 
6118 XXXXXXXXAXXAXAXAKAAKAARAAAARAARAAN AKAN AKAN AK AK AK NH 1518 XXXXXXAXXAXAKAAXAAXAKAK KAR AN AK AK AK KAN KAKA KAKA 
2 “¢ 1564 XXXXXAXXXAXAXAXXAXXAKAKXRARARAAAAKAARA ARK AKAN AKAN IK 
AR oe Node 23 
GIG Sete enee tees erase ease nes ete a eee XK 1610 sse2esree er see sats MEK Cee Kee eee ere eeeS 
1GDG Ss Here ae een aes Riese ROS e ete ASR ee ee 
Pin #19 6210 Mode -xxx Nie Sree ane eens Kore Kes eK Rate ees ees cues 
QOUG 205 seh oes sie sais He aie Saisie ese Seen aoe a aes os 1748 XXXXXXXXXAXXXAXXAXAKAXAKAKAAAAKAKAKAKKKAAAAANK 
0046 -X--r-- eres KeoKo Rees XK eee Ree Aes Sees 1794 XXXXXXXXXXXXXAXXXKXAAKARARARARKRAAARARARANAA AK 
O92. scr et ess ties KerXe Ker kKe ree a a a ia 1840 XXXXXXXXXXXXAAXXARAAKAXAARKAAKAAAK AKA AK ARAARAK AK 
O1SG Ssaectr ese ers oe oP Snes Cl? Cte? Cee eee ; 1886 XXXXXXXAXXXAXXAAXAARKARAXAARKAAAKAK AAR KAR KAKKA NK 
D1Ge ter tns Seer i ees Ke etee Kees ses Kes sissing eerie 1932 XXXXXXXXAXAXXXAXAAXXARAKAAARAKKAKAAKAK AAR AA KAAKK 
02350 room ccc tee tnccreee Kees Ke KE tee ee ee rece es Pin #16 6220 Mode -x 
O276 XXXXXXXXAXXXXAXXAXXARXAAKAARAAAAKARKK ARK ARK KAKA K NOOB RG oeste Beis eae anaye ais eo saiaid nin ana Serie Sie eee ee Aig oid 
O322 XXXXXXXXXXXXXXXAXAAAAXAAAARAAKANAARARA KA AKAAAN NK COZK. 2 Res eee ee ee tine ee aaa oP Sails Kocsis Kee Kes 
O368 XXXXXXXXAXXXXXAXXXXAAKAXAAAKAARAANA ARK KARA K ARK K BUL0 cake H Meese ome es Ker eRe Keer ns Kors: Kerk ses 
Pin #18 6214 Mode -xxx G11G: =X Kose Kew sere ee KreiKe ee see Keeeen Kees Keres 
0414 soccer crc er cence cet cc ener creer seer cccsncenns ZIGZ eRAe Ko oH Ke ries es b aia? ab otra ) a Xr-°Xerre- 
O460' «Xa Keer rere ese a Sol Caan 9 ol Salat Sate lie . COUR: Ser ate ene eae en bers X°XKe ooo Renee enc enes 
O506 “X92 KAS Kor ee eees Aaa ae Sas Rete Se cota CLOG Hee tas aaae aa ase AME EK SAS eX Ree cer Sere ae 
0552 -x-----°- Kaseeetas KreoKe Ks XXe rece KPeKe Se 2500+ est sake see eee sie X= Ki ses ees Krrcseecees feces 
0598. =x. s=se%* KeSeieeicss oe KeKe eae KoKess Kee Kees s . LONG) Oo re SRS pace riess ANP SKN Ks Sees aciece teenies 
0644 -X-- one rete reece Kens Ke eRe Kes Kee Kee es 
0690 ------- a aa RK e oe a atic 


Figure 3-200.d Fuse Plot and Chip Diagram for Data Sizing and Alignment PAL Device 
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2438 XXXXXXXXAXXXXXKXXXXK RAK KKK NHK HHH HK IKI III III 
2484 XXXXXXXXXAXAXKXAXXXAXAKKAAAXARKHAK HMM HHMI HHI IKI 
2530 XXXXXXXXAXAXXAXAXAXAXXXKXAAAAK KAA AKA AKA KA AHA KAKA AKAN 


Node 21 
Flo - ia ll aha ea i Gaia eae RASS g Saree 
A ia Aa ec KMOR ee MAKe ere se hee hes See 
2665 =K-r err estes Meee Re Kors a Meet tt 
CLG Sree Ser ensh Sone tein KOSs Re errs esas Se 
2160 Kaeser ees eee Kee RRP eK ose Rrsyrarsre terse 
2806 Kose k ees ese ese sic KereKe ne sens sees Rome Ke eos 


2852 XXXXXXAXAXXAXAAAXAKAXXAKAAK A AAA AA ANAK AK HAH KAA K ANAK 
2898 XXXXXXXXXXXXXAAXAAKARAAKK AAR KAHN KAHAN KKK KK 
2944 XXAXXXXAXAAKXXAAAAKAAAKAKA ARN A HH KKM IKK HII IK 
2990 XXXXXXAKAAXAKKAAXAA AAA AA KAA NAN KAN KICK KKK KAKI 


Node 22 

3056 “seer ter ee ere ees Kee eee Ree OSae TSA srtse 
S08? Sere see Stes Ker PeKKe se os Rives one sa aes 
SVCG srncs presser ees Sees KecKosesR-scoeer cesses 
S16. ren Soe ate oe Xi ReNKP Eee ees a, Galatia 
S220 eee rer sees aes Korner Rewer sts esses Recsarers 
S066 Pearse eerste sees ece ARSSRS as a as le 


3312 XXXXXXXAXXXXXAAXAXXAAXKAAAKKAAK NAAN AAA KKK ANAK KA KAK 
3358 XXXXXXAXXXXAXXAXAXAXAAKAKAK KAKA AK AKA KKK AAK AK ARAN 
3404 XXXXXXAXAXXXAXAAXXAKAKAX AK AAA ARAN AKAN AK KAKA HAKAN 
3450 XXXXXXAXXXAXXXAXXXXAKKAKKAAN AANA A AK KAKA AK IKK 


Pin #15 6222 Mode -x 


SA9G SS SS ame Reset eres eee sah ase ishe eS ere oe se ees 
BS42 -X-- °K Koe ese eeee oo Ke eons ae ame eee 
3588 -x------- Keeeee ee Ke SMES KKK SSK MSS ace 
3634 -xX------- Kear Arne ata GP eat? a Gao laa) Sanaa aati als 
S680 2 X=" Ko Koss ee REPS KK oe RKS est Sortie laa cts 
SILO Ria Serene se esee KOR RoR AKT OK Ke se 
DELL, BORE SE ORS ee oe AXAEKAG RRR SE anise e ah 
BO1G Seer sew esas tee per Soe ROR Ree eee see se nS 
BOOS. ee siseminee ers Snes ea Gt aaa a a 
BIA0, saree ee erases UX RR Ree Keer esas 
S926 Saye See ee ee ete ROSIN RSE KE Sic e esse eee s 


4002 XXXXXXXXMXXXXKXXXXXXXXAKXRAXAAKKKAKAKAA KAKA KAHAN 


4048 XXXXXXXXXXAXXXXXAKAXAAXAXXAXRAAXAAKAAKAKA AAA AA AAA 


Node 24 

GOGG Sorte et sees a= ss Mose eK eres Keser ease 
GIGG -oessee Keiser ers ada Kora Kerr eeRse res 
B1GG {serine eerie resins Kia R race Kes reese ees ee 


42352 XXXXXAXXKXAXAAAAKAKAAKAKAAKAK MAAK NAN AKIKO KK IKK 
4278 XXXXXXXXXXXXAAAXAXAAAXKAAKKAAAKARKAK ARK KAKI KHAN 
4324 XXXXXXXXXXXXAXAAAKAKAAKARAAK AK KAKA KA AKAN MAAK AKAN 
4370 XXXXXXAXAXAAAKAAKAKAR MAAK KAAA NAKA AN MK KA HAH KKK IK 
4416 XXXXXXXXXAXXXXAKAAXAAXAKAKK AA KNM MAAK KM HK KKK KIN 
Pin #14 6224 Mode -x 


GAO? Hates t ces oe ses hess gees eRe ees sees 
QOUB Shree FRR See Rese K- Kees Kecsesec Renn 
L554 ---- 222 -e-eee eee Sota iach ed eka Kee es 
LOCO: sec ese ser sie reine Saat ate aetia’ Coal aaiak aii Keser 
AGLG. SSeS Sas ates p liaee, SP, Saleiiatis a a lela 
ROPE Peete ees rin misinaniere HOPE KE eee sins ae Kaeo 


4738 XXXXXAXXXXXXXAXXAXKAKAAKAK KAKA KAHN KK MILK NK KIKI 
4784 XXXXXXXXAXXXAXXXKAKAXAAKAK KKH KKK HAK KAN KKH IK KILK 
4850 XKXXXXXXXAKXAAAKAK AAR AKAK NANAK KAHAN KKK IK 
Node 26 

4876 XXXXXXXXXXXAXXXAAXKXAAKKAKAKAAK KAKA KAKA KH KKK K 
4922 XXXXXXXXXXAXAXAAAXKAKAKKAKK AK KK AKK MAK ANAK KK AK KKK 
4968 XXXXXXXXXAAKAKAAKAKK MAK NAKNEK KIKI 
5014 xXXXXXXXAXXXAXXXAAXAKAXKAK KAR AK AAK KAKA KK AK KAKA IK 
5060 xXXXXXXXXXAXXXAXXXAAAKXAKAKAAAK MAAK AK AK AAR AK KAKA 
5106 XXXXKXXXKKAKAK KAKA KA KK KKK KHIM IK IK IK III 
Pin #13 6226 Mode Xxxx 


D196 Pe eee rer ae SAS Oe eae ee eee Baer as 
FIPS A Keser seca eRe ees Keexe Kes Sa¢ Ate ae aa 
DOGG EK PR Re Se SHS se Se at Gelade Re ass Kia Keers 
a aa edi Kose Re Bee ss iss Koei Rese: 
DSO arses Bee See Rosch he Kees Kerker ss 
a = eal aa eect a Kose Ke Ketan Kees Roser 
PAEO Scr Sere esees eens es Renee ) ale Rie eKr ea Ker ess 
OG 14: Fe Ee Sea eeie are ees Salata Sa Salata Sota Konakores 
DO20 S52 Megs eens oe pace ae GD ie Kees Kesees 
BS6G Ester cree esse ten Kose Ka Ksss == Mee ers Kine Ke ne 


5612 XXXXXXXXKXAXXXAXXXAXXARAKAAAAK KKK KKH KAHN KKH KH KIKI 
Pin #12 6230 Mode -xx- 


Figure 3-200.d Fuse Plot and Chip Diagram for Data Sizing and Alignment PAL Device (Continued) 
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5658 XXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXAXAAKAKKMKMKHK HHI 
5704 XXXXXXXXXXXXXXXAXKAXKAXXXXAXXAXKAAKAAX KA AKAKA KAN 
5750 XXXXXXAAXAANANAAAAAKAKANANK AK KAA KK KAKA KAA AKAN 
5796. XXXXXXXXXXXXXXAXAAKKAKAAAK AKA HAKKAR KK AH AHN KIKI 
SB42 XXXXXXAXAXANAAAAAAAXAAAAA AHA AAA AK AKAN 
5888 XXXXXXXXAXAXXXXXAXAXAXXKAAKAAAK KAA AK KNX KAHAN KIX 
5934 XXXXXXXAXXXAXAXKXXXXAAXXXXXAXAXXXXXAKAXXKAKAKAAK KKK 
5980 XXXXXXXXXXXXXXAXAXXXAKAXXKXAAXKAKAKAKXAK KAR KAKI NKK 
6026 XXXXXXXXXXXXXXXXAXXAXAAXAK KKK AXA AX AAK KAKA NK 


LEGEND X : fuse not blown 
- ? fuse blown 


Oe ee ro re ae Oe es ee re ee ee ee er Oe ee ee 0 oe ee 0 ae es ee ee we en ee et en ee ee a ee en ee ee 


REKKKKKKKEKK KkKKKKKRKKE 

* * * * 
kkkk kekk 
* 4 20 * 
kek KEKE 

= MEGABYT . 
Ke keke 
SIG * 2 19 * 
kkaK kk 

* * 
KEKE kkkRE 
AO * 3 18 * 
ReEK  Hetekee 

* * 
RkaK RREK 
A1* 4 17 * 
kekK keke 

* * 
kek week 
RW * 5 16 * 
Pt ; kkRK 


Figure 3-200.d Fuse Plot and Chip Diagram for Data Sizing and Alignment PAL Device (Continued) 
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3.6.6 DYNAMIC MEMORY CONTROL STATE SEQUENCER 


Anexample of acontrol path application for an AMD PAL is in 
a memory system. Most large memory systems use MOS 
dynamic RAMs. Their high density allows packing a large 
memory size into a small board area. Dynamic RAM prices 
also make them very cost effective. 


Dynamic RAMS require external logic for address multiplex- 
ing, timing generation and refresh control. This application 
note shows the use of an AMPAL16R8A and an Am2964B to 
provide the necessary external logic for a typical dynamic 
memory system. The PAL is used as a state sequencer for 
timing generation and the Am2964B provides specialized 
control circuitry and reduces timing skew between control 
signals. This implementation replaces about 20 SSI/MSI 
packages. 
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Figure 3-201. Dynamic Memory Controller 


Design Requirements 


A system block diagram is shown in Figure 3-201. The control 
bus provides most of the inputs to the PAL state sequencer. 
These include: Memory Request (MREQ), READ/WRITE (RW), 
RESET (RST), Refresh Clock (RFCK), and Read-Modify-Write 
(RMW). Two upper address lines of the address bus serve as 
board selects (BS,, BS), and one local signal, SLOW/FAST 
Memory (FAST), allows use of either slow_or fast memory. A 
READ/WRITE sequence is initialized by MREQ ANDed with the 
proper board select conditions and a refresh sequence is in- 
itialized by RFCK. If both sequences are requested at the same 
time, a refresh sequence is performed. RW when HIGH selects 
a READ operation and when LOW selects a WRITE operation. 
RMW when HIGH selects a Read-Modify-Write cycle. 
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The outputs of the PAL provide the timing and control inputs to. held LOW until t,. RAS, MS and CAS are brought HIGH at ts. 
the Am2964B. These are: Row Address Strobe (RAS), Address _— The rising edge of any of these 3 signals may be used to latch 
Multiplexer Select (MS), Column Address Strobe (CAS), and _— output data during a Read operation. The state sequencer is 
Refresh (RFSH). In addition, the PAL provides the Write Enable — then disabled for 3 states to allow for memory precharge. © 
(WE) to the Memory Array. Figure 3-202 shows the timing for . 
fast READ/WRITE cycles. The memory cycle is initiated by By holding the FAST input LOW, an extended memory cycle is 
MREQ going LOW. The PAL responds by bringing RAS LOW at _ available to accommodate slower RAMs. The timing appears in 
to, followed by MS going LOW at t,, and finally bringing CAS —- Figure 3-203. 

LOW at te. If RW is LOW, WE is also brought LOW at to. WE is 


25 MHz CLK aa 


0:40 0 > @ au mummu «so ooo" o's" 6'0'o' ooo’ ooo eee eter eretetetat aerate ate et a%a%a%sta%et.¥.% 28.9. %,9.9, —DAARAAAP ow 
ADR SeReee se ssetateresssocanatessccsonnasteseceeenncesserencanessencenateeseeeocaraneseneneananeeseneareneeeeentennnn 
¢, oto 5 955 Sc ale i i 52 50 0 Oe OOOO OOM III IM ICO OO CO 

QOIOYPOO Bo en OOOO MOI OIC ION ICI) 
OS 5.52525 SO OOOO) 
retetes: eteteten A ESSE SPOON III III IC II ICI ICI HII KK HHMI KK III IID 


RW ; . 
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Figure 3-202. Fast READ/WRITE Cycle 


to tt t2 t3 t4 ts t6 t7 ts tg tio t1 ti2 13 14 


5505s tatatete tata tetatatatatetatatatatatotatetatettetotetatetetetatetetetatetcletetetetetetsteletstetetstatatetettetetstetetetetetetatstetetetetstyerentee, 
eta taatatatetatetetetatetatete’, > 


SOK IIGH IM RIK KIKI KK IKK HI KOHN IL IK HH I OHH HK III OK OR HLH SIC 
SRR RARER R RARER RRR RRR ERE RRR RNS 
0,0, 0,9 .0.6.9.0.0.9,6.9.0.9.0.6.9. 4. eee ee ION 
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Figure 3-203. Extended Memory Cycle 
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RAS-Only refresh cycle timing is shown in Figure 3-204. The Read-Modify-Write cycle timing is activated by setting RMW 
refresh cycle is initiated when RFCK_goes HIGH. The RFSH HIGH. This is especially valuable in systems with Error De- 
output goes LOW at to, followed by RAS at t;. The Am2964B __tection/Correction (EDC) capability. Data can be read, 
supplied the necessary refresh address. RAS is brought back modified by the EDC circuitry (Am2960), and if necessary, 
HIGH at ts and precharge is then timed out. An extended refresh. written back to memory in a single memory cycle. Read- 
cycle for slower memory is available also. Burst refresh canbe § Modify-Write cycle timing is shown in Figure 3-205. Note that 
accomplished by leaving RFCK HIGH for as many refresh WE goes LOW at the end of the cycle. 

cycles as desired. 


25MHz CLK | | | | | | | | | | | | | | | | | | | | 
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Figure 3-204. RAS-Only Refresh Cycle 


to tt te t3 ta ts te t7 ts tg tio ti ti2 tt tr 


25 MHz CLK | | | | | | | | | | | | | | | | | | | | | | | | | | 
005000 0:0:0% CINK III I IKI KICK HOOK IIH III” 
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Figure 3-205. Read-Modify-Write Cycle 
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Design Approach 


The first step in the state sequencer design process is to define 
the timing waveforms for all of the functions desired. Figures 
3-202, 3-203, 3-204 and 3-205 are the result. Next, characteris- 
tics of the resulting waveforms are examined. Initi ially, the se- 
quencer is waiting on the MREQ or RFCK input. If MREQ goes 
LOW, the RAS to MS to CAS sequence is initiated. If RFCK 
goes HIGH, the RFSH to RAS sequence is initiated. Both se- 
quences are equivalent to a simple “shift” function. Once the 
shift sequence is completed and the signals are. asserted, they 
must stay asserted for a specific time depending on the selected 
function. To time the length that signals must stay asserted re- 


FAST 


a 
” 
= 


FUNCTION 


SELECT/ 
MREQ =P! CONTROL 4 






quires a “counting” function. The precharge sequence at the 
end of all cycles also requires “counting”. This partitions most of 


the design into two smaller. functional blocks; a shifter and a 


counter. The remaining function select and control logic is parti- 
tioned into a “multiplexerlike” functional block. Figure 3-206 
shows the PAL partitioned into functional blocks. By dividing the 
design into blocks, its implementation becomes simple. 


Figures 3-207, 3-208, 3-209, and Table 3-26 show PAL equa- 
tions anda logic diagram for the AMPAL16R8A dynamic memory 
state sequencer. 


CP 


SHIFTER 1 
"S195 


COUNTER 1 
S161 


03862A-91 


Figure 3-206. Partitioned Design/PAL Equivalent 
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PAL16R8 PAL DESIGN SPECIFICATION 
PATOO2 BRAD S. KITSON 2/10/82 
DYNAMIC MEMORY CONTROL STATE SEQUENCER 

ADVANCED MICRO DEVICES 

CK RFCK /RST RW /MREQ RMW FAST BS1 BSO GND 

/E /Q0 /Q1 /Q2 /RFSH /WE /CAS MS /RAS VCC 


QO := /RST* /MS*/QO 
/RST* RFSH*RAS*/QO 
/RST*/FAST*®/QO*Q2 
/RST*/FAST*/QO*Q1 
/RST*/FAST® Q1*Q2 
/RST* FAST#/RMW*Q0*/Q1 
/RST* FAST*/RMW*QO*/Q2 


t+ett et 


Ql := /RST* RAS*/QO* Ql 
/RST* RAS* QO*/Q1 
/RST*/RAS* QO* Ql 
/RST*/RAS*/QO* Q2 


+ 


++ 


Q2 := /RST*RAS*Q2 + 
/RST* QO*Q2 
/RST*RAS*Q0*Q1 


+ 





RFSH := /RST*RFCK*/Q2*/Q1*/QO*/RAS + 
/RST*RFSH*RAS + 
/RST*RFSH*/FAST* Q1 + 
/RST*RFSH*® Q2 


WE := /RST*/RW*/MS*/RFSH*/RMW*/QO*/Q2 + 
/RST*/RW*/MS* /RFSH*/RMW*/Q1*/Q2 + 
/RST*/RW*/MS*/RFSH* RMW*/QO* Q1#Q2 + 
/RST*/RW*/MS*/RFSH* RMW* QO*/Q1*Q2 


CAS : 


/RST*/RFSH*/MS*/QO + 
/RST*/RFSH*/MS*/Q1 + 
/RST*/RFSH*/MS*/Q2 


/MS := /RST*/RFSH*RAS*/QO + 
/RST*/RFSH*RAS*/Q1 + 
/RST*/RFSH*RAS*/Q2 


RAS := /RST*/RFCK*/QO*/Q1*/Q2*MREQ*/BS1*/BSO + 
/RST*/RFSH*/QO*/Q1*/Q2*MREQ*/BS1*/BSO + 


/RST* RFSH*/QO*/Q1*/Q2 + 


/RST*RAS*/QO + 
/RST*RAS*/Q1 + 
/RST*RAS*/Q2 


Figure 3-207. Source Listing for Dynamic Memory Control State Sequencer 
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TABLE 3-26. 
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CK /E /RST /MREQ BS1 BSO RFCK RW RMW FAST RAS /MS CAS WE RFSH Q2 Q1 QO 
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FAST WRITE OPERATION 
RAS ONLY REFRESH CYCLE 
READ-MODIFY-WRITE OPERATION 


C LH 


ew PO OOOO VDVOO00 *e6O VOOVOCVUVVOO eG OOUTU9T 0000 000 


IT SUPPORTS BOTH FAST 


THE SEQUENCER PROVIDES /RAS,MS,/CAS, & REFRESH TIMING 
(150NS) AND SLOW (300NS) READ/WRITE CYCLES, /RAS ONLY REFRESH, BURST 
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DYNAMIC MEMORY CONTROL STATE SEQUENCER FOR USE WITH THE AM2964B MEMORY 
REFRESH, AND READ-MODIFY-WRITE FOR MEMORY BOARDS OF UP TO 256K. 
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GENERATION TO THE AM2964B AND /WE TO THE DRAMS. 


DESCRIPTION 
CONTROLLER . 


PAL16R8 PAL DESIGN SPECIFICATION 
PATOO2 BRAD S. KITSON 2/10/82 
DYNAMIC MEMORY CONTROL STATE SEQUENCER 
ADVANCED MICRO DEVICES 

*D9724 

*FO* 

LOOOO 1011 0111 1111 1011 1111 1101 1001 1001 
LO032 1111 0111 1111 1011 1101 1101 1001 1001 
LOO64 1111 0111 1111 1111 1110 1101 1101 1101 
L0096 1110 0111 1111 1111 1111 1111 1111 1101 
LO128 1110 0111 1111 1111 1111 1111 1101 1111 
LO160 1110 0111 1111 1111 1111 1101 1111 1111 
LO256 1110 0111 1111 1111 1101 1111 1111 1101 
LO288 1110 0111 1111 1111 1101 1111 1101 1111 
LO320 1110 0111 1111 1111 1101 1101 1111 1111 
LO512 1111 0110 1111 1111] 1102 1111 1111 1101 
LO544 1111 0110 1111 1111 1101 1111 1101 1111 
LO576 1111 0110 1111 1111 1101 1101 1111 1111 
LO768 1111 0110 1011 1111 1001 1101 1111 1101 
LO800 1111 0110 1011 1111 1001 1101 1101 1111 
L0832 1111 0110 1011 1111 0101 1110 1110 1101 
LO864 1111 0110 1011 1111 0101 1110 1101 1110 
L1024 0101 0111 1111 1111 1111 1101 1101 1101 
L1056 1110 0111 1411 1111 1110 1111 1111 1111 
L1088 1111 0111 1111 1111 1110 1011 1110 1111 
L1120 1111 0111 1111 1111 1110 1110 1111 1111 
L1280 1110 0111 1111 1111 1111 1110 1111 1111 
L1312 1111 0111 1111 1111 1111 1110 1111 1110 
L1344 1110 0111 1111 1111 1111 1111 1110 1110 
L1536 1110 0111 1111 1111 1111 1111 1110 1101 
L1568 1110 0111 1111 1111 1111 1111 1101 1110 
L1600 1101 0111 1111 1111 1111 1111 1110 1110 
L1632 1101 0111 1111 1111 1111 1110 1111 1101 
L1792 1111 0110 1111 1111 1111 1111 1111 1101 
L1824 1110 0111 1111 1111 1110 1111 1111 1101 
L1856 1111 0111 1111 1111 1111 1010 1111 1101 
L1888 1111 0111 111] 1111 1111 1011] 1110 1101 
L1920 1111 0111 1111 1111 1111 1010 1110 1111 
L1952 1111 0111 1111 1111 1011 0111 1101 1110 
L1984 1111 0111 1111 1111 1011 0101 1111 1110 
C713B* 

VOOO1 CXOXXXXXXOOHHHHHHHH1 
VOO002 CO1XOXXOOOOHHHHHHHL1 
VO003 CX1XXXXXXOOHHHHHHLL1 
vooo4 CX10X01XXOOLHHHLLLLI1 
VOO0O5 CX10X01XXOOLLHHLLLL1 
vOO06 CX10X01XXOOLHLHHLLL1 
VO007 CX10X01XXOOLLLHHLLL1 
voOO8 CX10X01XXOOHHLHHHHH1 
VO009 CX10X01XXOOHLHHHHHH1 
VO0O10 CX10X01XXOOHHHHHHHH1 
VO0O11 C11X1XXXXOOHHHLHHHH1 
vO0O12 C11XXXXXXOOHHHLHHHL1 
VO013 CX1XXX1XXOOLHHLHHHL1 
VOO14 CX1XXX1XXOOLLHLHHHL1 
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Figure 3-208. Fuse Plot and Test Vectors for Dynamic Memory Control State Sequencer 
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VOO15 CX1XXX1XXOOLHLLHHHL1 
VO016 CX1XXX1XXOOLLLLHHHL1 
VO0O17 CX1XXX1XXOOHHLLHHHH1 
VOO18 CX1XXX1XXOOHLHLHHHH1 
VOO19 CX1XXX1XXOOHHHHHHHH1 
VO020 CO1XOXXOOOOHHHHHHHL1 
VOO21 CX1XXXXXXOOHHHHHHLL1 
VO022 CX10X10XXOOLHHHHLLL1 
VO023 CX10X10XXOOHLHHHLLLI1 
vO024 CX10X10XXOOLLHHHLLL1 
VO025 CX10X10XXOOHHLHHLLL1 
v0026 CX10X10XXOOLHLHHLLL1 
VO027 CX10X10XXOOHLLHLLLLI 
VO028 CX10X10XXOOLLLHLLLL1 
V0029 CX10X10XXOOLHLHHHHH1 
v0O030 CX10X10XXOOHHLHHHHH1 
V0031 CX10X10XXOOLLHHHHHH1 
395F 


Figure 3-208. Fuse Plot and Test Vectors for Dynamic Memory Control State Sequencer (Continued) 
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Columns: Inputs (0-31) 
Rows: Product Terms (0-63) 


89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
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Fuse blown 
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Figure 3-209. Logic Diagram for Dynamic Memory Control State Sequencer Using AmMPAL16R8A 
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3.6.7 82284 and 82288 EMULATION IN 
AN IBM PC/AT COMPUTER USING 
TWO AmPAL16R8B DEVICES 


Two AmPAL16R8B devices and four TTL pack- 
ages generate the signals necessary to run an 
80286 system at 12.5 MHz. This reduces the cost 
and improves the speed of the 80286 micro- 
system. The first PAL device, AmPAL284, is used 
to emulate the 82284 Clock Driver and Ready 
Interface functions. The second PAL device, 
AmPAL288, is used to emulate the 82288 Bus 
Controller functions. This application generates 
the signals used in most non-MULTIBUS 80286 
systems. The design has been tested in an AT com- 
puter. These PAL devices are not pin-for-pin com- 
patible with the parts they emulate nor do they 
generate all the signals that an 80286 can use in- 
cluding some MULTIBUS signals. However, applica- 
tions requiring additional signals can be designed by 
adding additional circuitry. 


The simplified Block Diagram below shows the 
relationship of the PAL devices to the AT compu- 
ter. Figure 3-210 is the schematic diagram of the 
emulator and Table | shows the AT interface wiring 
chart. | 


The PAL device equations are written in ABEL and 
are included in this application note. The source 
code, the reduced equations, and a fuse map is 


included for each PAL device. 







AmPAL284 | 
EMULATING | 
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Block Diagram 


The AmPAL284 Description 


A crystal oscillator is used to generate a clock at 
twice the 80286's internal clock speed. The PAL 
device is clocked with the inverted CPU clock. The 
Output Enable pin is grounded to always generate 
the output signals. The Reset signal is buffered 
with a Schmitt trigger 74LS14 so that an RC circuit 
can be used to provide a time delay. After the 
Schmitt trigger, a 74F74 flip-flop is used to 
synchronize to the inverted CPU clock. The 
Ready Enables of the 82284 are connected 
together on the AT design and are connected to 
the RDYEN pin of the AmPAL284. The ARDY 
signal is synchronized to the inverted 80286 clock. 
The latched ready LARDY and the SRDY are 
sampled to generate the READY to the 80286. 








The state machine shown in Figure 3-211 is used 
to generate the TS and the TC states. This state 
machine has four states IDLE, TS2, TC1 and TC2. 
The state machine requires registered outputs QO 
and Q1 to implement it. The state machine goes to 
the TS2 state when either SO or S1 goes LOW 
signalling the start of a bus cycle (refer to Table 3-27 
and Figure 3-212). The ALE signal goes active HIGH 
for the TS2 state and then goes inactive. On the next 
clock the state machine goes to the TC1 state 
making DEN and DT/R signals active. The next 
clock causes the state machine to go to state TC2. 
The state machine either goes to IDLE, making DEN 
and DT/R inactive if RDY is active, or to TC1 if RDY 
is not active. The state machine must return to TC1, 
if RDY is not active, to keep an even number of clock 
cycles for each inserted TC state. 






AmPAL288 
1 EMULATING 
82288 


>OoO0 SIZEIOCIOIF= 
mB 5 5/al| Slo 
alaial ©? 


16R88 


74L$14 
1 2 
RESET hp 0 





RESET 
= 
So 












CNTU OFF 
CMDLY 
$0286 CPU 
CPU HLDA 
08479A 3-210A 
Figure 3-210. Schematic Diagram of the 82284 and 82288 Emulator 
Table 1. Emulator to IBM PC/AT Interface Wiring Chart 





Socket Pins Emulator Board Devices (Pin Nos.) 
on AT Board AmPAL284 | AmPAL288 | 74F74 | 74S240 | 74S02 
82284 (Pin No,) | | 






























SRDY (2 SADY 

2 RDY 

SRDVER (3) RDVEN (6) 

READY (4) READY (12) 

CLK (10) Out (18) 
RES. (11) 


RESET (12) 











CEN (5) tn (8) 


Out (14) 





DT/R (18) 
SO (2) 


3.6.7 TBLI-A 
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TABLE 3-28. Command and Control Outputs for Each Type of Bus Cycle 


Type of Mio Command OTA ALE, DEN 
Bus Cycle Activated State Issued 
Interrupt 
Acknowledge 


VO Read 
VO Write 


None; idle 
Halt/ Shutdown 
Memory Read 
Memory Write 


None; idle 





08479A 3-211 


Figure 3-211. AmMPAL State Machine 
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The RCMD signal goes active when the SO and S1 
signals decode a Read or Interrupt Acknowledge 
cycle. This signal is used by the DT/R signal to 
control the trannsmit or the receive direction of the 
data transceivers and by the AmPAL288. The 
Command and Control outputs for each type of 
bus cycle are given in Table 3-28. Figure 3-212 
shows the cycle timing. 


The AmPAL284 source program listing, the 
reduced equations and the JEDEC fuse map are 
shown in Figure 3-213. 


The AmPAL288 Description 


The AmPAL288 uses the Q0, Q1, SO, S1, and 
M/IO inputs to latch the state of the current cycle. 
As shown in the PAL equations, these signals are 
internal signals and are not used by the AT. The 
RCMD signal is an input and WCMD, MEM, and INT 
are internally generated. With these latched 
signals and the CMDEN, the commands are gen- 
erated. The five commands are IOWC, IORC, 
INTA, MRDC, and MWTC. These commands are 
only enabled when the MB signal is LOW. When 
MB goes HIGH the commands are high imped- 
ance (off). 














TS 


IDLE TS2 


DT/R 


5] 5| | = 
a| 3 3 3 
OUOL OL > 


= 
: 


08479A 3-212 





The AmPAL288 source program listing, reduced 
equations and the JEDEC fuse map are shown in 
Figure 3-214. 


PAL Device Selection 


AmPAL16R8B speed devices are required for 
operation at 12.5 MHz and up. The specifications 
on any faster 80286 are not established at this 
time, but this PAL device solution can go faster. 
For 10 MHz and slower operation, AmPAL16R8A 
speed devices are adequate. 


Limitations of This Design 


This PAL device design does not fully emulate the 
82284 and the 82288. It provides the signals 
necessary for an IBM PC/AT design. An oscillator 
is not included, so an external crystal oscillator 
must be used. The clock requires a pullup resis- 
tor to meet the VOH of the 80286. Multibus 
Operation is not performed. PCLK and MCE 
signals are not generated. The READY signal is 
not open collector. The ARDYEN and SRDYEN 
signals would have to be externally gated if 
required. 





TC* IDLE 
TC1 TC2 


\\ / 


O 
‘ 


Nal 
write \ 


{Sa 


write 


read read 


* TC cycle continues until RDY is sampled LOW 


Figure 3-212. Cycle Timing Diagram 
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flag tmR2' 3 


title | | 
'PAL16R8 PAL DEVICE LOGIC EQUATION 
82284 PAL device emulation for the AT | | ; 

COPYRIGHT 1986 ADVANCED MICRO DEVICES, INC. Doug Kern 8/13/86 


PAL284 device 'P16R8'; 
"declarations 
TRUE,FALSE = 1,0; 
HIGH, LOW = 1,0; 
Apoyo = Xe poSejyeCes 


GND,Vvcc 
pin 10,20; 


CLK,S0O,S1,MB, CEN, RDYEN, SRDY, LARDY, RESET, EN 
pin 1,2,3,4,5,6,7,8,9,1ll; 


DEN, DT_R,ALE,RCMD,Q0,Q1,AR,RDY — 
pin 19,18,17,16,15,14,13,12; 


 QSTATE = [Q1,Q0] ;"STATE MACHINE REGISTERS 
"STATE ASSIGNMENTS 


IDLE = “Bll; 
TS2 = “B10; 
TCL = “BOO; 
TC2 = “BOl; 


STATE DIAGRAM QSTATE 


STATE IDLE: CASE !So :TS2; 
!sl :TS2?3 
S1 & SO : IDLE; 
ENDCASE?; 
STATE TS2: GOTO TCl; 
STATE TCl: GOTO TC2; 
STATE TC2:; CASE RDY 2TCl: 
!RDY |. : IDLE; 
ENDCASE; 


(Continued) 


Figure 3-213. AmPAL284 Source Program Listing 
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EQUATIONS 
!DT R  :=!RCMD & Ql & !Q0 
# IDT R & !Q1 & !Q0 
# IDT R & !Q1 & QO & RDY; 


!RCMD = Q1 & QO & !S1 & !SO "INTA 
# Ql & QO & !S1 & SO "READ 
# !RCMD & Ql & !Q0 
# !RCMD & !Q1 & !Q0 
# !RCMD & !Q1 &Q0 & RDY; 


'RDY := !SRDY & !RDYEN & Sl & SO 
# ILARDY & !RDYEN & Sl & SO 
# RESET; 
! DEN ‘= Ql & !Q0 & !MB & CEN 
# !01 & !Q0 & !MB & CEN 
# !Q1 & QO & !MB & CEN & RDY 
# Ql & !Q0 & MB & !CEN 
# !Q1 & !Q0 & MB & !CEN 
# !Q1 & QO & MB & !CEN & RDY; 
ALE <= Q1 & QO & !S1 
# Q1 & QO & !S0; 





Figure 3-213. (Continued) AmMPAL284 Source Program Listing 
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ABEL(tm) Version 1. 00 


= Document Seneraror 26-Aug-86 


PAL16R8 PAL ‘DEVICE LOGIC EQUATION 
82284 PAL device emulation for the AT 
COPYRIGHT 1986 ADVANCED MICRO DEVICES, INC. Doug Kern 8/13/86 
Equations for Module AMD 
Device PAL284 
Reduced Equations: 
Ql := !((RDY & !Q1 & QO # !Q0)); 
QO := !((!Sl1 & Ql 
# (!SO & Ql 
# (RDY & !Q1 & QO 
# Ql & !Q0)))); 
DT_R := !((RDY & !Q1 & !DT_R 
# (!RCMD & Ql & !Q0 
# !Q1 & !Q0 & !DT R))); 
RCMD := !((!S1 & Ql & QO 
# (RDY & !RCMD & !Q1 
# !RCMD & !Q0)));3 
RDY := !((!SRDY & Sl & SO & !RDYEN 
# (S1 & SO & !RDYEN & !ARDY 
# RESET))); 
DEN := !((RDY & !Q1 & !MB & CEN 
# (RDY & !Ql & MB & !CEN 
# (!Q0 & !MB & CEN | 
# !Q00 & MB & !CEN)))); 
ALE := !((S1 & SO # (!Q1 # !Q0))); 


Figure 3-213. (Continued) AmPAL284 Reduced Equations 
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ABEL(tm) Version 1.00 

JEDEC file for: P16R8 

Created on: 26-Aug-86 

PAL16R8 

82284 PAL Device emulation for the AT 
COPYRIGHT 1986 ADVANCED MICRO DEVICES, 
QP20* QF2048* 

LOOO0O0 
11111111101101111111111011111101 
11111111011110111111111011111101 
11111111101101111110111111111111 
11111111011110111110111111111111 
COODDDDNDNDDNDNDNDNDNDNNDNNDNDND00000000000 
OODDDDNDNDNDONNNNNNNNNDNNN 000000000 
ODDDDDDDDDNDNNNNNDNNDNNDNDNN0DNNNNN0N0NN0N 
‘ok evolerererenerenelenerererererererelerererenenerenerenenerene) 
11111110111111111111111011111101 
11111111111111101110110111111111 
11111110111111111110111011111111 
ODODDDDNDDDNDNDNDNNDNNNNDNDNNNDNNNNNNNNNN 
O0OODDDDDDDNDDDDNNDDNDDN0N0N0000000000 
O0ODDDDDDDDNDNDDDNDNNDNNDNDNNDNN000N00N00N 
ODDDDDDDDDNDNDNDNNNNNNDNN00N000000000 
ODDDDNDDDDNDNNDNDNNNNN NNN ONVNNNNNNNN 
01110111111111111111111111111111 
11111111111111111111111011111111 
12111111111111111110111111111111 
OODDDDDNDNDNDNNDNNDNNN NN ONDN0N0000000 
O0ODDDDDNDNDNNDNNNDNNNDONND0DN000NN00N0N0N 
ODDDDDNDDNDNDNNN OO NNNONNNO0000N0N0N0N0NN 
ODDDDDNDNDDNDNDNDNONNDNDNDD0D0D000000N00N0N0N 
ODODDDDNDDDNDDNDDNDNNDN0ONDNNDNNDNNNNNN 
11111011111111111101110111111111 
11111111111111101111111011111101 
11111111111111101110111111111111 
OODDD00D0D0DNDNNNDNNNNN0N0NNDN0NN0NN0NN 
0ODDDDDDDDNDNND0DND0N00N0N00000000000 
ODDDDDDNDDNDDNNNDNDNNNDNNON0N0N0N0N0N0N0N 
ODDDDDDDNDNDNDNNNNNNDNDDNNDNNNNNNNNNN 
ODDDDNDDDDDNDDNNDNDNDNDD0D0N0N00000N00000 
121112011111111111111110111111111 
10111111111111111111110111111111 


PAL DEVICE LOGIC EQUATION 


INC. Doug Kern 8/13/86* 


11111111111111111101111011111101 
11111111111111111110110111111111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
ODDDDNDNDNDDONDNOND NNN NNNNNNNNN000N00N 
11111111111111111101111011111101 
11111111111111111110111111111111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
OODDDDDNDNNNDDNNNNNNNNNN000000000 
00000000000000000000000000000000 
ODDDDNNDNDNDNNNNNNNNNNNNNN0N00N0000N 
011101111112111111011101111111111 
01110111111111111011111110111111 
PEPELILILIL LAI ETI Isai roldit 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
OODDDDNDNDNDNNDNNNNNNONNNNN0N0000N000* 
C4DOB* 
C8A0 


Figure 3-213. (Continued) AmPAL284 JEDEC Fuse Map 
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flag '-R2'; 


title 
'PAL16R8 


82288 emulation PAL device for the AT 


PAL DEVICE LOGIC EQUATION 


COPYRIGHT 1986 ADVANCED MICRO DEVICES, INC. Doug Kern 8/13/86 


 PAL288 device 'P16R8'; 


"declarations 


TRUE, FALSE = 1,0; 
HIGH, LOW = 1,0; 


X,2,C = 


GND,VCC 


EQUATIONS 


!MRDC 


!MWTC 


!IORC 


!IOwc 


!INTRA 


{MEM 


ohe peo hoz eo Co? 


pin 10,20; 


CLK,SO,S1,M_I0O, CMDEN, RCMD, RDY,Q1,Q0,MB 
pin 1,2,3,4,5,6,7,8,9,11; 


MRDC,MWTC, IORC, IOWC, INTRA, MEM, INT, WCMD 
pin 19,18,17,16,15,14,13,12; 


s= IMEM & !RCMD & Ql & !Q0 & CMDEN 
# IMEM & !RCMD & !O01 & !00 & CMDEN 
# IMEM & !RCMD & !01 & QO & RDY & CMDEN; 
:= IMEM & !WCMD & Ql & !Q0 & CMDEN 
# IMEM & !WCMD & !01 & !Q0. & CMDEN 


# !MEM & !WCMD & !Q1 & QO & RDY & CMDEN; 


s= MEM & INT & !RCMD & Ql & !Q0 & CMDEN 
# MEM & INT & !RCMD & !Q1 & !Q0 & CMDEN 
# MEM & INT & !RCMD & !Q1 & QO & RDY & CMDEN; 


:= MEM & !WCMD & Ql & !Q0 & CMDEN. 
# MEM & !WCMD & !Q1 & !Q0 & CMDEN 
# MEM & !WCMD & !Q1 & QO & RDY & CMDEN; 


:= !INT & Ql & !Q0 & CMDEN 
# JINT & !Q1 & !QO0 & CMDEN 
# !INT & !Q1 & QO & RDY & CMDEN; 


t= Ql & QO & MIO & !S1 & SO 
# Ql & QO & MIO & Sl & !S0 
# IMEM & Ql & 1Q0 

# IMEM & !Q1 & !Q0 

# IMEM & !Q1 & QO & RDY; 


(Continued) 


Figure 3-214. AmPAL288 Source Program Listing 
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!INT >= Q1 & QO & IM IO & !S1 & !S0 
# !INT & Ql & !Q0 
# !INT & !Q1 & !Q0 
# !INT & !Q1 & QO & RDY; 


!WCMD >= Q1 & QO & S1 & !S0 
# !WCMD & Q1 & !Q0 
# !WCMD & !Q1 & !Q0 
# !WCMD & !Q1 & QO & RDY; 


Figure 3-214. (Continued) AmPAL288 Source Program Listings 





Reduced Equations: 
MRDC := !((RDY & !RCMD & !Q1 & !MEM & CMDEN 
# !RCMD & !Q0 & !MEM & CMDEN)); 


MWTC := !((!WCMD & RDY & !Q1 & !MEM & CMDEN 
# !WCMD & !Q0 & !MEM & CMDEN)); 





IORC := !((RDY & !RCMD & !Q1 & MEM & INT & CMDEN 
# !RCMD & !Q0 & MEM & INT & CMDEN)); 


IOwWC := !((!WCMD & RDY & !Q1 & MEM & CMDEN 
# !WCMD & !Q0 & MEM & CMDEN)); 


INTRA := !((RDY & !Q1 & !INT & CMDEN # !Q0 & !INT & CMDEN)) 


MEM := !((!S1 & SO & Ql & QO & M IO 
# (S1 & !SO & Ql & QO & M IO 
# (RDY & !Q1 & !MEM 
# 190 & !MEM)))); 


INT := !((!S1 & !SO & Ql & QO & !M IO 
# (RDY & !Q1 & !INT 
# !Q0 & !INT))); 


((Sl1 & !SO & Ql & QO 
(!WCMD & RDY & !Ql 
IWCMD & !Q0))); 


! 
# 
# 


Figure 3-214. (Continued) AmPAL288 Reduced Equations 
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ABEL(tm) Version 1.00 
JEDEC file for: P16R8 
Created on: 26-Aug-86 
PAL16R8 
82288 emulation PAL device for the AT 

COPYRIGHT 1986 ADVANCED MICRO DEVICES, INC. 


PAL DEVICE LOGIC EQUATION 


Doug Kern 8/13/86* 


QP20* QF2048* 

L0000 | 
11111111111101111011011010111111 
11111111111101111011111011111011 


O0d0DD000NNDNDNONNNDNNOONNNNNNNNNNNNN | 


00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
11111111111101111111011010111110 
11111111111101111111111011111010 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
11111111111101111011010110011111 
11111111111101111011110111011011 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
OO000D000D00N00N0N0N0N0000000000000 
00000000000000000000000000000000 
121111111111101111111010110111110 
11111111111101111111110111111010 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
11111111111101111111011110101111 
11111111111101111111111111101011 


00000000000000000000000000000000 
00000000000000000000000000000000 
o0d0D0DDNDNDNDNNNNNNNNNNN0N0N00000000N 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
01111011011111111111111101110111 
10110111011111111111111101110111 
11111111111111111111011010111111 
11111111111111111111111011111011 
ODDDDDN0DNNNNNNNNDNNDNNDNNN00000000 
O0D0DDNDD0NDNNNNNNNNNNDN000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
10111011101111111111111101110111 
11111111111111111111011110101111 
11111111111111111111111111101011 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
10110111111111111111111101110111 
11111111111111111111011110111110 
11111111111111111111111111111010 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000600000000000000000000000000 
00000000000000000000000000000000 
ODDDDDDNDNDNNDNDNDNNNNNDNNN0N000000000* 
C45A1* 
C83F 


Figure 3-214. (Continued) AmPAL288 JEDEC Fuse Map > 
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3.6.8 INTERFACING THE 80186 
MICROPROCESSOR TO THE 8087 
WITH THE AmPAL22V10A DEVICE 


This application note shows how to interface the 
8087 Numeric Data Processor (NDP) to the 80186 
High Integration Microprocessor using two 
AmPAL22V10A devices. It demonstrates some of 
the details of 80186 and 8087 design, as well as 
tradeoffs and design decisions made in designing 
with PAL devices. The hardware features of the 
80186 and 8087, and AmMPAL22V10A are in their 
respective data sheets and are not discussed 
herein. 


Introduction 


The proliferation of 8088-based IBM PC Personal 
Computers and PC-Compatibles has lead to the 
development of higher performance, lower cost 
versions of that "de facto" standard. One 
important requirement for these “compatibles” is to 
provide 8087 Numeric Processor support, as does 
the IBM PC. An 80186/8087 combination would 
be the ideal choice, given the low cost and high 
performance of the 80186 and the vast 
throughput improvements gained from the 8087 in 
number crunching. | 


The 80186 is a much higher performance 
microprocessor than the 8088 used in the IBM PC. 
The 80186 incorporates several system 
components on-chip (i.e., DMA, Counter/Timers, 
Interrupt Controller), as well as improved control 
circuitry with pipelining to provide instruction 
execution performance up to six times that of the 
standard 8086. With the addition of the 8087 NDP 
co-processor to perform concurrent numeric 
operations, the 80186/8087 combination is the 
lowest cost-per-function number = cruncher 
available. 


Unfortunately, the interface of the 80186 to the 
8087 is not as straight forward as it is with the 8088 
to 8087 interface; however the interface can be 
implemented with two AmPAL22V10A devices 
and a few discrete components (Figure 3-215). 
The circuit allows full speed 8 MHz operation (with 
the 8087-2). With faster microprocessor devices 
(80186-1, and 10 MHz 8087), and faster PAL 
devices, the circuit can operate at 10 MHz. In 
addition, the interface of the 80188 serves to 
decrease system cost by reducing the data path 
width (and hence the number of components) 
while still yielding high performance. 


Design Considerations 


The 8087 acts as a master/slave co-processor to 
the 80186. The 8087 tracks all 80186 operations 


3-301 


(instruction fetch, data read/write, idle, etc.), 
monitoring various external I/O signals of the 
80186 to determine its internal state. Upon 
detecting a numeric instruction in the instruction — 
stream fetched by the 80186, the 8087 requests 
control of the system bus, and becomes a bus 
master until its operations are completed. 


It is very important that the 8087 remains in 
complete synchronization with the 80186. Herein 
lies the problem with an 80186 to 8087 interface. 
A number of issues impacting synch- ronization; 
and their solutions are discussed below. 


CPU Clock Synchronization 


The 80186 contains an_ internal crystal 
oscillator/clock generator circuit which generates 
the 80186 timing. All external bus operations are 
synchronized to the 50% duty cycle clock 
generated. In contrast, the 8087 requires a 33% 
duty cycle clock normally generated by the 8284 
Clock Generator chip. 


This problem is solved with a clock shaping circuit 
using delay lines and a few discrete gates; this 
circuit shortens the clock HIGH time into the 8087. 
This is sufficient, as most inout signals to the 8087 
are synchronous to the rising edge of the 8087 
CPU clock, not the displaced falling edge (Figure 3- 
216). 


Queue Status 


The 8087 tracks the 80186 status via several 
external signals. The Queue Status signals 
(QS0,QS1) provide valuable information to the 
8087 regarding the 80186 internal pre-fetch buffer 
and instruction execution status. The 80186 
provides (and removes) these signals 1/2 clock 
cycle before the 8087 requires them. A simple 
circuit performs the appropriate delay for the 8087 
to use these signals. 


This circuit also forces the QSO and QS1 signals to 
an inactive state upon System Reset, signalling an 
"idle" condition to the 8087 until the circuit is 
enabled by the 80186. This is necessary to force 
the 8087 into instruction synchronization with the 
80186 right after Reset, when the 80186 
operation is unusual. 7 


The 80186 does not usually emit the QSO and 
QS1 outputs in its default configuration. These 
signals are generated on ALE/QSO and WR*/QS1 
by strapping RD*/QSMD* LOW at Reset. An 8288 
Bus Controller is required to decode the S0-S2 
status lines from the 80186 or 8087 (whichever is 
bus master) to generate the proper Read/Write 
and ALE signals. 





ALE 






MRDC 
8288 rN 
DATA ent, 29 i> 4 | | 
BUS : . ss os FT > AIOWC 
i St > ALE. 
_ Data Address so DT/R 


Transceivers Latches DEN 





A16:A19 
ADO:AD15 





20 RQ/GTO 






SYS_READY 





17 


QS0 
QS1 


QSMD 











External 
Bus Hold 
» .{ Request 


from System 


OK_TO_GO_PORT 

VO CHIP SELECT FROM 
SYSTEM TO ENABLE 
QS0, QS1 TO 8087 


ASYNCHRONOUS 
08479A3-215 READY SIGNAL 
| FROM SYSTEM 


Figure 3-215. 801 86 to 8087 Interface 
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80186 








CLKOUT 
| >0-+] >0-+] >o-___- 
delay line = (1/6 f - 3tPD) 
CLK_186 
0847A3-216 CLK_186* 
Figure 3-216. Clock Shaping Circuit 
Ready Synchronization except for the Counter/Timer registers, which 


The 8087 monitors the current 80186 bus activity 
via its SO-S2 Status Lines and the Ready Input 
line. There are no problems with the S0-S2 lines, 
but Ready may cause some problems. 


First, the 80186 has on-board _ software- 
programmable _chip-select and _ wait-state 
generation logic. This is useful in reducing 
—external chip count, but the 8087 is unable to 
externally track these internally generated wait- 
states. The solution is to disable all programmable 
wait states (program them to "0"), recognize the 
external Ready signal, and insert any necessary 
wait states to the 80186 and 8087 with the Ready 
input line. In addition, since the 8087 cannot 
access the chip-select logic on the 80186, any 
memory that is used by the 8087 must be selected 
with external chip-select logic. This is typical only 
for main system RAM; other EPROM and 1/O ports 
typically are not accessed by the 8087. They may 
still be selected via the 80186-generated 
MCS/UCS and PCS lines, as long as "zero wait 
states" are programmed. 


Note that the 80186 has several on-board I/O 
registers that the 8087 doesn't "know about". 
These registers are all accessed in zero wait states, 


cause the insertion of one wait state. Ready 
signals must be simulated for the 8087 when the 
80186 selects these on-board registers, forcing 
zero or one wait states, depending on the 
particular register selected. It must be assumed 
that the on-board registers remain at the default 
base address FFOOH in the I/O space (i.e., the 
Relocation Register is not altered). 


Secondly, consider the situation just after Reset. 
Following Reset, the 80186 automatically inserts 
three internal wait states for all memory accesses 
(i.e., to a Boot PROM) until the chip-select and wait- 
state registers are programmed. Again, the 8087 
will lose synchronization with the 80186, because 
it does not "see” these wait states. The solution is 
to force the 8087 into an idle state after Reset by 
forcing its QSO and QSi1 inputs to "00" (idle), so it 
won't track the 80186 operations at all. When the 
80186 completes programming its internal wait- 
state registers, it enables the QSO and Q$1 inputs 
to the 8087 via an I/O signal, and executes at least 
two consecutive JUMP instructions. The JUMP 
instructions effectively flush the internal prefetch 
queues, and the 8087 acquires synchronization 
with the 80186. The following code is an example 
of the final synchronization routine, after Reset, 
and in programming the on-board registers: 


a es atnyreranasavntertetimensevert daha ertannvevarmns at. sneamnane Aarewmrrstnasrnaticanre tin 


; The 80186 register initialization code 
; completed above.The 8087 is idle. 


out 

jmp Ll 
ids 

jmp L2 
L2: 


ok_to_go port, al 


- 7 enable QS signals 
; jump to flush queue 


; jump to flush queue 


; System code follows here. The 8087 
; is now synchronized and active. 
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Finally, the proper Ready inputs must be provided 
to the 80186 and the 8087. The 8087 requires a 
synchronous Ready signal (SRDY) to be valid at 
the rising edge (middle) of T3 or Tw, while the 
80186 requires the synchronous Ready input to 
be valid on the falling (leading) edge of T3 or Tw. 
Circuitry must be provided to perform the proper 
synchronization and to provide adequate setup 
times for the 80186 and 8087 SRDY signals. In 
addition, extra circuitry is necessary to synchronize 
an asynchronous Ready signal from the system 
hardware. 


RQ/GT to HOLD/HLDA Conversion 


Upon detecting any NDP instructions from the 
80186 instruction stream, the 8087 must become 
a Bus Master in order to obtain and store 
operands/results in memory. The 8087 requests, 
and is granted, bus control via its RQ/GT0 signal. 
This is normally a single-wire handshake supported 
by the 8086 microprocessor; however, the 80186 
uses a two-wire HOLD/HLDA interface. The 
solution is to build a small state machine that 
converts the RQ/GTO0 pulsed protocol to the HOLD 
and HLDA signals required by the 80186. 


In order to support other Bus Masters in addition to 
the 8087 (i.e., an external DMA controller), the 
RQ/GT1 input to the 8087 is used. In this manner, 
the external Bus Request is "daisy-chained" 
through the 8087 to the 80186. Again, the 
RQ/GT1 is a single-wire handshake signal. A 
second state machine is built to convert external 
HOLD and HLDA type signals of typical DMA 
controller chips to the single-wire RQ/GT1 protocol 
of the 8087. | 


Interface Circuits 


The interface circuit is implemented with two 
AmPAL22V10A_ devices, a delay line (or 
capacitor), and a few Schottky or "AS" gates (see 
Figures 3-215. & 3-216). The system requires two 
synchronously clocked circuits based on the 
80186 clock (CLK_186), as well as the inverted 
— 80186 clock (CLK_186*). Therefore, the design is 
partitioned among two AmPAL22V10A's (PALA 
and PALB), with CLK_186 and CLK_186* as 
inputs. 


Clock Shaping Circuitry 


The Clock is shaped with a Schottky delay line and 
"S" or "ALS" gates, shown in Figure 3-216. The 
delay line tap determines the 8087 clock HIGH 
times, and is ~ 10 ns for an 8 MHz clock, to yield 
the nominal 42 ns clock HIGH time required. For 
faster clocks (i.e., 10 MHz), this delay must be de- 
creased appropriately (and may be eliminated) de- 
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pending on the delays through the three inverters. 


The three-inverter chain provides: 1) buffering of 
the CLK_186 and CLK_186*_ signals for 
distribution throughout the system, and, 2) 
increased drive for the delay line. The output of 
the delay line is pulled up in this circuit, to provide 
adequate VIH for the AND gate. Also note the 
strong 330 ohm pull-up on the CLK_87 clock 
output; this is to provide the nominal 3.9 V VIH 
required by the clock input of the 8087 (Ref. 4). 


PALA Design 


PALA is clocked with the positive 80186 clock, 
CLK_186. This AmMPAL22V10A device contains 
the RQ/GTO to HOLD/HLDA (80186) synchronous 
state machine circuitry, the internal chip-select wait- 
state generator circuitry (used for accessing 
internal 80186 registers), and the 80186 Ready 
signal synchronization. The PALA equations are 
ec in Figure 3-218. , 


RQ/GTO (8087) Conversion to HOLD/HLDA (80186) 


The State Machine Transition diagram is shown in 


Figure 3-217. This circuit samples the RQ/GTO 


output from the 8087, and waits for a pulse on that 
line, signalling an 8087 Hold Request. This 
causes generation of the HOLD to the 80186. | 
The state machine then waits for an HLDA signal 
from the 80186, and generates a_ Hold 
Acknowledge pulse to the 8087 on RQ/GTO. 
When the 8087 next pulses the RQ/GTO line, the 
state machine removes the HOLD signal from the 
80186, signalling the end of the HOLD request. 


Since RQ/GTO is a bi-directional signal, the state 
machine sets it to high impedance "off", except 
when enabled during the Hold Acknowledge 
pulse. Generation of this signal demonstrates the 
versatility of the AmPAL22V10 device for such bi- | 
directional three-state applications. ) 


Note the values supplied for the State Machine 
variables: A Gray code was used, as in most state 
machine designs, to minimize glitching on the 
outputs as the state variables change from state to 
state (Gray codes have the benefit that only one bit 


changes per code transition). 


~ Ready Synchronization and Internal-Register 


Chip-Select Logic 


The signal SRDY_186 is a composite system 
Ready signal; it is synchronized for the 
synchronous SRDY input to the 80186 (this signal 
is in turn synchronized in PALB for the 8087 
SRDY). SYS_READY is an input to the PALA 


device, and is synchronized (by PALB) version of 
the external Memory/IO Ready from the system. 
Note that the 80186 ARDY (Asynchronous Ready) 
input must be strapped LOW. 


In order to generate the proper Ready signals to 
the 8087 when selecting internal 80186 registers, 
PALA decodes the 80186 address, and 
generates the proper Ready signal. The internal 


TIMER_RDY signal is generated whenever the 
internal Counter/Timer registers are selected (I/O 
address FF50-FF6F). This signal inserts one wait 
state in the synchronous Ready line, SRDY_186. 
In addition, the SRDY_186 signal is forced to a 
"Ready" state whenever any internal 80186 
registers, other than the Counter/Timers, are 
selected. 








RQ_GTO 
(to/from 8087) 
REQUEST GRANT RELEASE 
(FROM 8087) (TO 8087) (FROM 8087) 
HOLD 
(to 80186) 
HLDA 
(from 80186) 
STATE[1:0] 
(interal) Tt TI 
a 
HOLD=0 
RQ_GT=1 
RQ_GT=0 
NOTE: state machine 
is clocked on 
positive edge 
RQ_GT=0 HLDA=0 of CLK_186. 





RQ_GT=1 


08749A3-217 


Figure 3-217. RQ/GT0-to-Hold/HLDA Converter 
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DEVICE PALA 8087 80186 Interface (PAL22V10); _ 


rT cre rcrrerrrrrrrrri tt (ttt trtrtiitttrt tir r Tre TTT ttt et tt Tete T rr et. tT ere tc et a 


1 seaeiede | me eeeE 
Nok = OPAL OA - % aes 
kee . . whee 
u **** ~~ This PAL converts from 8087 RQ/GT Handshake TO 80186 HOLD/HLDA Signals were 
i aahakel and generates the ready synchronization logic for the 80186 and 8087 = **#* 
Ho weeRK kkkeK ON 


u werrrrrrrrerrrrrrrTrrr rrr rrrrrretrtrirrt irr rrr rir rr ri rrr ri rir rit t it itritirtititire ry) uw 


PIN 


wea INPUTS KEAN 
CLK = 4 " 50% duty cycle 80186 clock n 
RESET = 2 " Active HIGH reset from 80186 " 
HLDA = 3 " 80186 HLDA output u 
A(15:6] = 4:11,13,14 " 80186 Address lines 15..6 an 
/TORC = 15 " 10 Read Command from 8288 " 
/ATOWC = 16 " 8288 Advanced IO write command! 
SYS READY = 17 " Synchronized READY from system" 
To eo OUTPUTS REEKM 
STATE[1:0] = 23:22 " State Machine State Variables " 
HOLD = 21 " 80186 HOLD input " 
TIMER_RDY = 19 " Internal timer chip select (Inserts ONE W.S.)  "™ 
SRDY 186 = 18 " Synchronous 80186 READY signal" 
ue BIDIRECTIONAL INPUT/OUTPUTS **** 1 
RG_GTO = 20; " RQ/GT 1/0. (active low) MUST HAVE PULLUP! " 
DEFINE 
" State variable state value assignments. " 
T1 =0; " State 1 an 
T2 = 1; —" State 2 u 
13 ee " State 3 ” 
T_4 =2; " State 4 " 
BEGIN 
MRM RARER MARKEE EREEREEERERAEERREREREAEEREREEEERRERERER 
Ut RRR REKKN 
 #*** RO/GT to HOLD/HLDA Converter State Machine Definition ****" 
1 ekee ekeeK 


UM MARA HREAHEREEREEREREREREEKEREERREREREEREERERRERRERREEREERREREEER AM 


IF (RESET) THEN ARESET(); 


CASE ( STATE[1:0] ) BEGIN 


T_1  ) BEGIN | | 
IF (RG_GTO) "Wait for 1st request from 8087 " 
THEN STATE(1:0] := T_1 ; 
ELSE STATE(1:0] := T_2 ; % 3 ths eiltge OF +h, <r gs . 
HOLD := 0; " Deassert HOLD to while here 80186 " 
END; 
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T2  ) BEGIN 
IF CHLDA) " Wait for HOLD AKNOWLEDGE from 80186 " 
THEN STATE[1:0] := 13; 
ELSE STATE[1:0) T2; 
HOLD := 1; " Assert HOLD to 80186. Also, RQ/GT is ™ 
" pulsed to signal GRANT to 8087 (see below) " 





END; 
T 3  ) BEGIN 
STATE[1:0] := T_4; "One idle state to eliminate RQ/GT contention " 
HOLD := 1; 
END; 
T 4  ) BEGIN 
IF (RG GTO) " Wait for RELEASE pulse from 8087 " 
THEN STATE[1:0] := 1 4 ; 
ELSE STATE[1:0] := 11; 
HOLD := 1; 
END; 
END; 
RG_GTO = 0; " RG GTO is tri-state controlled I/0, active LOW " 
IF (C(STATE[1:0] = T_2) * CHLDA)) 
THEN ENABLE( RG GTO ); " Pulse RQ/GT output during state 2 to signal HOLD ACKNOWLEDGE (GRANT) to 8087 " 
HE HWM KKKKKKEIKKEEEKREEKEKEEEEREREREEEU 
1 wk KEKKU 
ut wee READY Synchronization logic ****" 
UU kee KEKE 
UE KRHA KKAKKKAHAEKEREKEEKEEEEREEEREREEEEEN 
" Internal timer registers selected (insert one w.s. with registered output) be 


TIMER_RDY := (/IORC + /AIOWC) * (A[15:6] = #B1111111101) ; 


80186 SRDY synchronous ready generation. Synchronize ready inputs for 80186 SRDY input. " 
No wait states if any internal 80186 registers (at I/0 address OffXXh) selected " 
except for the internal TIMER registers " 


SRDY_186 := TIMER_RDY + SYS_READY + ((/IORC + /AIOWC) * (A[15:8] = #811111111) * (A[15:6) /= #81111111101)); 


END. 
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Listing sum-of-products equations for PALA_8087_80186 Interface 


/VORC*A [15] *A(14] *A [13] *A [12] *A[11] *A 10] *A [9] *A [8] */A [6] 
AL15] *A(14] *A [13] *A[12] *A 11] *AL10] *A [9] *A [8] */A [6] */ALOWC 
TIMER_RDY | 

-SYS_READY 

AL15]*A(14] *A[13)*A [12] *A 111] *A[10] *A [9] *A [8] *A [7] */ALOWC 
/TORC*A [15] *A[14] *A[13] *A [12] *AL11] *A[10] *A [9] *A [8] *AL7) ; 
SRDY_186.ARESET = RESET; | 


SRDY_186 : 


+ + + + 


+ 


AL15] *A [14] *A [13] *A 12] *AL11] *A [10] *A [9] *A [8] */A [7] *A (61 
* /ATOWC 

+ AC15]*A[14]*A [13] *A [12] *A[11] *A(10] *A [9] *A [8] */A [7] *A [6] 
* /TORC; 

TIMER _RDY.ARESET = RESET; 


TIMER_RDY : 


RG GTO = 0; 
RG GTO.TRISTATE = /STATE[1]*STATE [0] *HLDA; 
RG_GTO.ARESET = RESET; 


HOLD := STATE[O] 
+ STATEL1]; 
HOLD.ARESET = RESET; 


STATE(O] := /RG_GTO*/STATE[1] 
+ /STATEL1] *STATE [0]; 
STATE[0] .ARESET = RESET; 


STATEL1] := STATE[O]*HLDA 

+ RG_GTO*STATE [1] 

+ STATE[1]*STATE [0]; 
STATE [1] .ARESET = RESET; 
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PALB Design 


PALB is clocked with the inverted 80186 clock, 
CLK_186*. This PAL device contains the external 
DMA HOLD/HLDA to RQ/GT1 interface to the 
8087, the Queue Status control logic, and the 
synchronization circuitry necessary for the various 
Ready signals. The equations for PALB are listed 
in Figure 3-220. 


External HOLD/HLDA Conversion to 
RQ/GT1 (8087) 


_ This protocol conversion circuit for external bus 
HOLD requesters performs the converse function 
of that described above for PALA. The State 
Machine Transition diagram is shown in Figure 3- 
219. 


The state machine waits for an external HOLD 
request on the EHOLD input. It then generates a 
Hold Request pulse on the RQ/GT1 pin to the 
8087. It then waits for a Hold Acknowledge pulse 
from the 8087, and generates EHLDA to the 
external requestor. When the external Hold 
Request is removed, the circuit generates a 
Release pulse to the 8087 on the RQ/GT1 pin, 
and returns to state 1. Again, the versatility of the 
AmPAL22V10A is demonstrated by the bi- 
directional three-state capability of the device. 


Gray codes were not used for the state 
assignments in this case. The codes were chosen 
to minimize the three-state enable term for the 
RQ/GT1 output. The RQ/GT1 outputs are enabled 
during States 2 and 4, to generate output pulses. 


State assignments chosen with Gray codes would 
have required two product terms for the three- 
state enable (/STATE[1]*STATE[0] + 
STATE[1]*/STATE[0]), and the AmPAL22V10A 
can only support one product term for the three- 
state enable signal. The state encoding chosen 
allows one product term for this function. There is 
minimal glitching on the outputs of this circuit, 
even though Gray codes were not used, because 
the EHLDA term is registered, and the RQ/GT1 
term is generated from a minimization that is fully 
covered on the Karnaugh map (Reference 1). 


Queue Status Control Circuit 


The Queue Status inputs from the 80186 are 
delayed by 1/2 clock cycle in this circuit for proper 
presentation to the 8087 as DSQO and DSQ1. In 
addition, the OK_TO_GO signal forces these 
signals LOW after Reset, until the TRIP input 
receives a pulse. Recall that the 8087 must be idle 
after Reset until all internal 80186 registers are 
programmed. The TRIP input is generated by a 
chip select to an I/O port from the 80186. 


Ready Synchronization 


This circuit synchronizes the asynchronous 
SYSTEM_ARDY Ready signal, and presents the 
SYS_READY signal to PALA. The SRDY_186 
input to the 80186 is also synchronized by this 
Circuit to be presented as the SRDY_87 to the 
8087. 


Conclusion 


Due to the power and flexibility of the 
AmPAL22V10A device, the interface between the 
80186 microprocessor and the apparently 
incompatible 8087 Numeric Processor can be 
implemented with a small amount of circuitry. 
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Figure 3-219. External Hold/HLDA-to-RQ/GT1 Converter 
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DEVICE PALB 8087 80186 Interface (PAL22V10); 


MMMM RHA KKHKKAKEKKEEKERERERERREKEERERERREREREREREREERERERERREEREREREEREREREEEERREREEERE it 


1 Wek RARE 1 
Uo wees PAL B REKK tt 
ho keke REE 


eee This PAL performs part of the 8087 to 80186 interface function. Here, we **** ™ 
Uae delay Queue Status from the 80186 properly for the 8087. The logic is RONEN 
Ree clocked off of the INVERTED 80186 clock. We also generate some of the Seem ot 
i WERN signals used for the synchronous READY inputs to the 8087 and 80186. gE 
hal This logic is clocked off inverted CLK to guarantee adequate set-up times **** " 


REESE We also perform the HOLD --> RQ/GT1 protocol for EXTERNAL bus masters. eee ae 
1 weKE KeEK 


CE WHR HKKREEREREKREREEKRRERRERREEEREEREREEREKREREEKRRERREREREEERERREEEEREERERERERERRKREREREEE SN 





PIN 
 weEK INPUTS KKEK 
/CLK = 1 " 50% duty cycle 80186 clock externally INVERTED u 
RESET = 2 " Active HIGH reset from 80186 " 
aso = 3 " Queue StatusO input from 80186 " 
Qsi =4 " Queue Status! input from 80186 " 
SYSTEM_ARDY = 5 " System Asynchronous ready, to be synchronized. " 
SRDY_186 = 6 " Synchronous Ready for 80186 " 
TRIP = 7 " Signal from 80186 to enable DQS[1:0] outputs to 8087 Mm 
EHOLD = 8 " HOLD request from external DMA Master connected to 8087 _ 
eee OUTPUTS KReEEEN 
bDaso = 23 " Delayed queue status 0 to 8087 " 
Das! = 22 " Delayed queue status 1 to 8087 " 
SYS READY = 21 " Synchronized system ready u 
SRDY_ 87 = 20 " Synchronous ready for 8087 7 
OK_TO_GO = 19 " Signal used to enable Queue Status outputs to 8087 (DSQ[i:0] " 
STATE(1:0] = 18:17 " EHOLD/EHLDA to 8087 RQ/GT1 hanshake state variables a 
EHLDA = 16 " EHOLD Acknowledge to external DMA MASTER connected to 8087 u 
"Wo *x*k* BIDIRECTIONAL INPUT/OUTPLTS **** " 
RQ GT1 = 15; " 8087 RQ/GT1 DMA control for external master ' 
DEFINE 
" State variable state value assignments. " 


" NOTE: These codes were chosen to minimize the RQ/GT signal implementation " 


T1 =0; " State 1 i" 
T2 =1; " State 2 ” 
T_3 =2; " State 3 ” 
T4 =3; " State 4 ‘ 
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BEGIN 


REKREAKREEREREREREREREEEEEREREEERRERRERERREREREREREEEREREREEEEREREREE NM 


uo kkRK ; HEE 
" **** EHOLD/EHLDA TO RQ/GT1 Converter State Machine Definition ****" 
" **** for DMA interface to 8087 | ant 
Nee . HREN 


HERRERA ERERKERERREERERIEREEEREEREREREREEEERREREEEEREREEREEREREEEN 


IF (RESET) THEN ARESET(); 


CASE ( STATE([1:0] ) BEGIN 


T 1) BEGIN ae | 
IF ( EHOLD ) " Wait for EHOLD REQUEST from external master " 
THEN STATE(1:0] := T_2; 
ELSE STATE[1:0] := T_1; 
EHLDA := 0; " De-assert EHOLD acknowledge " 
END; 
T2 ) BEGIN 7 | | 
STATE[1:0] := T_3; " Kill Time n 
EHLDA := 0; " and pulse RQ GT to signal request to 8087 " 
END; | 
T 3.) BEGIN : | 
IF ( EHOLD ) " Wait for master to release EHOLD request " 
THEN STATE(1:0] := 13; 
ELSE STATE[1:0] := T_4; 


IF (/EHLDA ) " Set EHLDA when RQ/GT GRANT pulse comes from 8087 " 
THEN IF (/RQ_GT1) 
THEN EHLDA :=°1; 
ELSE EHLDA := 0; 
ELSE EHLDA := 1; 


END; 
T 4 ) BEGIN : | 
STATE(1:0] <= T_1; “KILL time, and pulse RQ_GT to signal RELEASE " 
EHLDA := 0; 
END; 


END; 


"RQ GT1 is tri-state controlled, and pulsed active low " 
" The following controlS the RQ GT signals ue 


RQ_GT1 = 0; 
IF (CSTATE[1:0] = T_2) + (STATE[1:0] = T_4)) THEN ENABLE(RQ_GT1); 


Figure 3-220. (Continued) 
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WH WHMKKKKKHKKRERKERHEKHREREEKEEEEKRKEEERRERKEKEKREEEKERERERERKEEEREEEREEEM 


Mo kee KEKKN 
" *x*k* Miscellaneous Synchronization logic/ RARE 
1 KKK KReEEKM 


REKKEERKEKRKEEEKEEEHRERHEKEKKREEKEREEKREEKEEKRREREEEREREREREEREERKREKREREN 





OK_TO_GO signal is tripped from an 80186 signal (i/o write) after it has set all ” 
"of its internal registers properly. Until then, OK_TO GO is false and disables DQS[1:0] " 


IF ( /OK_TO GO ) 
THEN IF (TRIP) 
THEN OK_TO GO := 1; 
ELSE OK_TO GO := 0; 
ELSE OK TO GO := 1; 


" Delay Queue Status to 8087 " 
" Qualify with OK_TO GO signal from 80186 after it is reset " 


DQSO := OK_TO GO * QS0; 
DQS1 := OK_TO GO * QS1; 


" Synchronize Asynchronous System Ready " 





SYS READY := SYSTEM ARDY; 
" Synchronize 80186 SRDY input for 8087 " 


SRDY_87 := SRDY_ 186; 


END. 


Figure 3-220. (Continued) 
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Listing sum-of-products equations for PALB 8087 80186 Interface 


RQ_GT1 = 0; | 
-RQ_GT1.TRISTATE = STATE[O]; 
RQ_GT1.ARESET = RESET; 


EHLDA := STATE([1]*/STATE [0] */RQ_GT1 
+ STATE[1]*/STATE [0] *EHLDA; 
EHLDA.ARESET = RESET; 


STATELO] := EHOLD*/STATE[1]*/STATE [0] 
+ /EHOLD*STATE [1] */STATE [0] ; 
STATE [0] .ARESET = RESET; 


STATE(1] := STATE [1] */STATE [0] 
+ /STATEL1] *STATE [0]; 
STATE{1] .ARESET = RESET; 


OK_TO GO := TRIP 
+ OK_TO GO; 
OK_TO GO.ARESET = RESET; 


SRDY_87 := SRDY_186; 
SRDY_87.ARESET = RESET; 


SYS_READY := SYSTEM ARDY; 
SYS_READY.ARESET = RESET; 


DaS1 := OK_TO GO*ast; 
DQS1.ARESET = RESET; 


DasO := OK_TO GO*aso0; 
DQSO.ARESET = RESET; 


Figure 3-220. (Continued) 
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3.6.9 A MULTIBUS ARBITER DESIGN 
FOR 10 MHz PROCESSORS 


This application note describes the  imple- 
mentation of a bus arbiter using an AMPAL16R4 to 
interface the 10 MHz 80186 to the MULTIBUS 
multi-master environment. The PAL equations for 
bus exchange were developed based on func- 
tional and timing requirements specified in the Intel 
MULTIBUS Specification, June, 1982. The inter- 
face shown addresses the bus master case in 
regards to bus exchange only. No attempt has 
been made to include the requirements for bus 
Slave operation, interrupt handling or byte opera- 
tions. This note assumes a_ knowledge of 
MULTIBUS operations and signal names. 


Overview 


The system environment is assumed to be a 
collection of loosely coupled independent 
processors which communicate through a com- 
mon memory on the system bus. Each processor 
in this system possesses its own localresources. __ 


A block diagram showing the interface of one 


such processor, an 80186, to the system bus, 
MULTIBUS, is shown in Figure 3-225. A block of 
the 80186’s address space is allocated to system 
memory. Access into this portion of the address 
map generates a request for the system bus via a 
programmable memory chip-select pin. Once a 
request is generated by the CPU, the AmPAL 
arbiter and the 8288 bus controller combine to 
perform a bus exchange and transfer cycle. 


In this design the arbiter maintains control of the 
system bus and therefore must be forced off either 
by a higher priority master (BPRN goes HIGH) ora 
Common Bus Request (CBRQ). 





Functional Requirements 


On the MULTIBUS, the bus exchange process 
begins when the Bus Request (BREQ) goes LOW 
(parallel priority resolution scheme), or when 
BPRO goes HIGH to succeeding masters (Serial 
priority resolution scheme). If the requesting 
master is granted priority (BPRN enabled) and the 
bus is not under control of another master (BUSY 
disabled), then the master may take control of the 
bus by forcing BUSY LOW. 











_ An optional request mechanism, Common Bus 
Request, used in conjunction with either parallel or 
serial priority has been implemented in this design. 
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It reduces bus acquisition overhead by allowing 
bus retention across transfer cycles, unless a 
request is pending (CBRQ is LOW). For example, 
in parallel priority the requesting master asserts 
both BREQ and CBRQ to force the current master 
off the bus. Once acquisition is complete CBRQ is 
released for use by another master. 











Timing Considerations 


Bus exchange on MULTIBUS is a synchronous 
process. BREQ, BPRO, BUSY and CBRQ are all 
synchronized with the trailing edge (HIGH-to- 
LOW transition) of BCLK. BCLK is a MULTIBUS 
signal having a duty cycle of approximately 50% 
and a maximum frequency of 10 MHz. There is no 
requirement for synchronization between BCLK 
and any other clock in a MULTIBUS system. 
Synchronizer circuits must be used on signals 
that cross clock boundaries, because it is possi- 
ble (as in this design) for the processor clock to be 
asynchronous to BCLK. 


Bus priority on MULTIBUS resolution takes place 
in one BCLK cycle. If the serial priority scheme is 
implemented, this requirement will place an upper 
limit on the number of masters allowed for a given 
BCLK rate. The parallel priority scheme allows 
the relationship between BCLK and the number of 
masters to be independent. Whichever is chosen, 
the MULTIBUS specified minimum setup time of 
22 ns (resolution to clock), plus the desire to keep 
the BPRN to BPRO propagation delay to a mini- 
mum, points to the use of an “A’ speed PAL 
device (Figure 3-226). 





The MULTIBUS bus exchange timing requires a 
BUSY setup time before clock of 25 ns (see Fig- 
ure 3-226). Release by one master and acquisi- 
tion by another takes place on two successive 
HIGH to LOW transitions of BCLK. 


PAL Design Description 


The PAL design specification with supporting 
timing diagrams are shown in Figures 3-227 and 
3-228. The following remarks are in addition to the 
comments found on the PAL design specification. 


The term "BRQP*AEN" found in the equation for 
"BREQ" is required to keep the arbiter from 
recapturing the bus when it is the releasing master. 
This can occur when a CBRQ forced the 
surrender, and the processor cycle which follows 
the just completed cycle accesses the system 
memory. 


























CLK 


mPAL16R4 A80186-10 


Ocw-aoarcs 


ecw 3o-0o<H 


ADDRESS 


08479A3-221 


Figure 3-225. Single Multimaster Bus Interface 
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Using BREQ to disable BPRO results in a 40 ns 
delay worst case from clock (tCO + tPD). Taking 
into account the 22 ns setup (see Fig. 3-226) and 
clock skew (3 ns max) leaves 35 ns of cycle (10 
MHz BCLK), if the serial priority resolution 
scheme is being employed. Lower priority mas- 
ters using this design would exhibit a 25 ns worst 
case delay BPRN to BPRO. Use an external gate 
to_ implement the equation “BPRO = 
BPRN«BREQ’ if the serial priority is required when 
using more than two masters. 


Note the inversion of BLCK for use by the PAL 
device. PAL registers load data on the LOW to 
HIGH clock transition of pin 1. 


MULTIBUS address setup before Command (50 
ns min.) is determined by the 8288 bus controller. 
The 8288 specification guarantees 115 ns 
mininum between AEN going LOW and 
Commands going active. 


MULTIBUS address hold after Command (50 ns 
min.) is satisfied by using the ALE signal from the 
8288 instead of the 80186. The 8288 Command 
lines go inactive on the HIGH to LOW transition of 
CLKOUT at the beginning of T4 (30 ns max delay). 
The 8288 ALE signal goes active on the HIGH to 
LOW transition of CLKOUT at the beginning of T1 
(1/2 clock cycle later than ALE from the 80186). 
The minimum hold time is therefore 100 ns - 35 ns 
= 65 ns. 


REFERENCES: 


1) Intel Multibus Specification #9800688-04, June 
1982 


2) Intel iAPX 86,88 User's Manual, August 1981 


3) Advanced Micro Devices’ 
processors and Peripheral's, 1985 


MOS Micro- 


4) intel Component Data Catalog, 1982 
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BRQ 
LOCK 
BRQP* /AEN 
BROP*BREQ 
BREQ*BPRN*/CBRQ 
BREQ*LOCKP 
BPRN*/BREQ 
BREQ*/BUSY*BPRN 
BREQ*/AEN 
AEN*BPRN*/CBRQ 
BUSY = AEN / 
= BREQ*/AEN 


NC NC NC GND 
/BREQ /LOCKP /BRQP /CBRQ NC VCC 


;CPU SYSTEM BUS REQUEST SYNC TO BCLK 
:CPU LOCK SIGNAL SYNC TO BCLK 

;REQUEST SYSTEM BUS IF NOT CURRENT BUS 
;MASTER. HOLD TILL CPU RELEASES. WHEN 
:CPU RELEASES HOLD IF NO OTHER 
;REQUESTORS. HOLD ON CPU LOCK. 


;FORCE OFF LOWER PRIORITY REQUESTORS IF 
;REQUESTING, IF NOT PASS PRIORITY THRU. 


;AQUIRE SYSTEM BUS AND ENABLE ADDRESS 
;BUFFERS. WHEN CPU RELEASES HOLD IF NO 
;OTHER REQUESTORS. 

;ALLOWS BUSY TO EMULATE 0.C. I/O PIN. 


;REQUEST SYS BUS VIA CBRQ UNTIL AQUIRED 


Figure 3-227. AmPAL16R4 Arbiter Design Specification 
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VATIVES 


Becoming the technology of choice in superminicomputer 


design, programmable array logic mixes with alternative 
devices to meet design constraints. 








by Bradford S. Kitson and 
B. Joshua Rosen 





Programmable array logic devices have been a 
driving force behind the latest generation of 32-bit 
superminicomputer designs. These supermini- 
computers range from redesigns of existing archi- 
tectures that reduce cost or overcome packaging 
limitations, to designs requiring ultrafast turn- 
around, to high performance architectures speci- 
fied to take full advantage of such devices. 
Superminicomputers designed with program- 
mable array logic (PAL®) include the vAX@11/730 
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from Digital ae Corp, the MV/8000 and 
Mv/10000 from Data General, and Computervision’s 
APU (analytic processing unit). A reimplementa- 
tion of the original VAX-11/780, the VAX-11/730 sup- 
plies 25% of the performance in 10% of the board 
space. Programmable array logic was chosen by 
the MV/8000 designers to allow the shortest possible 
design cycle and to catch up with their competitors. 
The MvV/10000 upgrades performance of the 
MvV/8000. The Computervision APU was designed 
for high performance with PAL devices in mind, 
and provides excellent examples of how to use such 
devices to their fullest. 


Logic design alternatives 
Although by no means the only option, pro- 


grammable array logic has become the technology 


of choice in superminicomputer design. Logic 
design alternatives (Fig 1) include standard prod- 
ucts (fixed-function devices), semi-custom 
(programmable logic, gate arrays, and standard 
cells), and fully-custom logic devices. In supermini- 
computer design, the primary alternatives are stan- 
dard products, gate arrays, and PAL devices. The 
best choice for any given function depends upon 
the design alternative capabilities, the design con- 
straints, and the function actually being: 
implemented. | 

Reprinted with permission of COMPUTER DESIGN 
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DIGITAL 
LOGIC FAMILIES 


SEMICUSTOM 


PROGRAMMABLE STANDARD 
LOGIC CELLS 


Fig 1 Basic categories of digital logic present designers with 
trade-off opportunities. Standard products fit where cost is a 
major concern; custom and semi-custom products can be used 
where high diversity is desirable. 


Via fuse programming, a PAL device allows the 


designer to construct a custom device or group of 
devices that precisely implement a desired func- 
tion. In contrast, fixed-function transistor- 
transistor logic (TTL) small scale integration/ 
medium scale integration (SSI/MSI) alternatives 
seldom seem to fit any application in the desired 
way. Thus, the SSI/MSI designer usually pays 
penalties via extra logic levels in the critical path 
and an increased package count. Gate arrays allow 
custom devices to be created via mask program- 
ming. However, designers using a gate array must 
finalize architecture early in the design cycle. Any 
errors will require a mask change, which can take 
months. 

In most cases, the best choice is a combination of 
the alternatives and probably includes some 
memory as well. Typically, the six basic design con- 
straints are performance (speed), cost, density 
(packaging), power dissipation, reliability, and 
design turnaround. Assigning a priority to these 
constraints will usually define the logic alternative 
that a machine is based on. Actual implementation 
trade-offs are made at the function level. The three 
basic functional portions of a design are data path, 
control path, and interface. 


Standard products have their place 

Standard products are defined as devices created 
for a wide market. Examples of standard products 
are TTL SSI/MSI, fixed instruction set metal oxide 
semiconductor (MOS) microprocessors, and micro- 
programmable large scale integration (LSI) building 
blocks. These devices are usually multiple sourced 
and produced in high volume, resulting in lower 
individual device costs. In a design where cost is the 
main concern, and performance, power dissipation, 
density, and design turnaround are of little or no 
importance, standard products are probably the 
best choice. In a design such as a superminicom- 
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puter, where these other considerations have a high 
priority, inherent disadvantages limit standard 
product use. 

While SSI/MSI devices offer fast individual gates, 
on a system level their density, power dissipation, 
and reliability characteristics are not as good as 
those of the alternatives. In addition, design turn- 
around characteristics are inadequate because 
changes usually require printed circuit (PC) boards 
to be laid out again. In most superminicomputers, 
therefore, SSI/MSI gates are used only in selected 
critical path functions that require one or two gate 
levels (at the expense of density and power dissipa- 
tion), and in interface applications, such as bus 
buffers, latches, registers, and transceivers. 

Standard LSI products (mostly bipolar) offer 
exceptional performance, power dissipation, density, 
and reliability characteristics, but their inflexible 
architectures limit their application range. Super- 
minicomputer designers rely on proprietary, highly 
complex architectures to differentiate their designs 
from those of their competitors, and LSI imposes 
an architecture. Therefore, applications are limited 
to general purpose, well-defined functions in the 
data path, such as parallel multipliers and arith- 
metic logic units (ALUs) that can benefit from their 
high performance characteristics. 


Gate arrays are “cast in concrete” 

Semi-custom gate arrays are defined by inte- 
grated circuit (IC) manufacturers as large arrays of 
unconnected gates. End users specify how gates are 
interconnected with actual interconnection occurring 
at the metal-mask layer of the IC process. The main 
advantages of gate arrays are high density and the 
ability to customize a design, while primary dis- 
advantages are cost and design turnaround. Each 
custom device is single sourced and low volume; 
therefore they are not cost-effective unless the 
application is density limited or the volume is very 
high. Gate arrays can adversely affect design turn- 
around because the system designer must design 
both the IC and the system in which the IC is used. 
In addition, any change in the gate array requires 
new masks and a delay for each mask iteration. 

By using gate arrays only where the design can be 
defined early, designers minimize these turnaround 
disadvantages. They then hedge their bets by sur- 
rounding the gate arrays with logic that can correct 
any design bug(s) discovered later on. As in LSI, 
what is ‘‘cast in concrete’’ is usually the data path. 
However, gate arrays allow more of the data path 
to be integrated because the device can be optimized 
for specific design requirements. A proprietary 
16-bit ALU slice might be a typical gate array. 

Gate arrays afe also used to interface multiple 
onboard buses together as data path ‘‘glue.’’ 
Control-path and interface applications, however, 
tend to be too likely to change. Therefore, control 
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path functions are based on implementation tech- 
niques such as writable-control-store (WCS). Inter- 
face applications frequently require changes 
because of the need to interface one designer’s 


board to another’s. Consider the critical timing 


between a cache, an instruction fetching unit, and 
multiple register-files. The exception handling 
capability required for typical operations, such asa 
cache miss, can be an indeterminant problem 
affecting all of the above-mentioned functional 
units in the system. Should a bug occur in the cache 
unit, the interface section of all other units will have 
to be changed to accommodate the correction. 


PAL structure paves the data path 

Combining simplicity and flexibility, the basic 
PAL structure is a fuse-programmable AND gate 
array that drives fixed connection OR gates, allow- 
ing logic to be implemented in sum-of-products 
(AND-OR) Boolean form. 

By selectively blowing the appropriate fuses, a 
PAL device can implement any logic function as 


long as the number of inputs or AND gates required 


does not exceed the number provided in the device 


ae 
inputs > 
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chosen. In the AMPALI16R4, for example, the true ° 
and complement version of each of the 16 inputs is 
connected via fuses to each of the 64 AND gates in - 
the device (Fig 2). PAL devices provide additional 
features, such as programmable input/output (1/0) 
pins and registered outputs with internal feedback | 
that further enhance their ability to implement 
logic functions efficiently. Programmable I/Os are 
especially useful for trading off the number of 
device outputs for inputs to fit the exact number | 
required by the logic functions being implemented. 
Internal registered feedback is desirable when 
implementing complex state machine designs. 
Programmable logic devices, like gate array, are 
semi-custom devices. Created by the IC manufac- 
turer, they are alterable by fuse programming for a 
specific application. Designed specifically for logic-. 
oriented applications, PAL devices enable designers 
to create custom devices with fast turnaround time. 
PAL devices compare favorably to alternative 
devices in terms of performance, cost, density, 
power dissipation, and reliability. They fall behind 
gate arrays and LSI in density and power dissipa- 
tion, and behind SSI/MSI in individual device cost. 
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(Note however, that PAL devices are cheaper on a 
system basis.) 

Performance and density characteristics of PAL 
devices have led to significant applications in the 
data paths of superminis where they are used along 
with LSI and/or gate arrays. These devices serve to 
‘‘glue’’ the LSI and the ‘‘cast in concrete’’ gate 
arrays into the system. If necessary, the design turn 
around capability that they display can be used to 
optimize the data path architecture and, in some 
cases, fix a bug in a gate array by reprogramming the 
PAL devices around it. Typical data path functions 
for the devices include barrel shifters, masking, 
code conversion, and multiple bus interface. 

Design turnaround becomes especially beneficial 
in the control path and interface portions of a 
design. Most control path functions are highly ran- 
dom and are prone to change and/or error. While 
WCS allows design changes to be made by rewriting 
microcode, PAL devices permit changes that cannot 
be made in microcode, or would adversely affect 
system performance. For instance, one supermini- 
computer manufacturer has established the rule 
that a gate array can be used in the control path 
only if eight or more PAL devices are necessary for 
the same function. In interface design, from a den- 
sity standpoint, PAL devices allow the interface to 
merge with the data path ‘‘glue’’ function. Since 
the interface is just as likely to change as the 


MULTIPLIER 
ACCUMULATOR 


Fig 3 Multiplier calculates 56-bit x 56-bit product. Partial 
product generation logic uses seven 8 x 8 slices to form 8 x 
56-bit multiplication array. Carry-save adders implement 
3-to-2 counting techniques to form two operands that are 
summed in a lookahead ALU. 
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control path, but without the benefit of WCS, design 
turnaround becomes a factor. If one board’s 
designer needs to change the interface, the designs 
of many other boards are impacted. Updates on all 
boards can be easily made by reprogramming one 
or more PAL devices. These devices can also pro- 
vide the drive capability required by this appli- 
cation area. 


Designing with PAL devices in mind 

Trade-offs among PAL devices and other digital 
logic alternatives were key factors in Computervi- 
sion’s APU design. In conjunction with standard 
products, such as ALUs, LSI multipliers, and 
memory devices, PAL devices were used to create a 
patented architecture not feasible in standard TTL 
SSI/MSI. 

Designed as a very high speed 32-bit supermini- 
computer for engineering applications, the Com- 
putervision APU is twice as fast as competitive 
designs, yet occupies the same board space. Its 
designers, instead of merely replacing TTL SSI/MSI 
with PAL devices, used PAL as customizable logic 
building blocks. This allowed them to implement 
powerful logic functions in a minimum of space. 

The APU processor board set is divided into four 
modules. The parser/sequencer contains an instruc- 
tion processor that fetches and decodes instruc- 
tions in parallel with the execution unit. The 
control processor performs address and integer 
computations and the floating point pipe (FPP) per- 
forms both scalar and vector floating point opera- 
tions. The cache/address translation unit contains 
a 256-slot area page table entry cache and a 
16K-byte memory cache. 

Approximately 25% of the chips in the APU board 
set are in PAL. Since the APU is the first implemen- 
tation of the new CPU architecture, many design 
aspects are subject to change as the architecture 
evolves. PAL devices permit designers to rapidly 
modify hardware to fit the architecture needs. and 
to implement feature and performance enhance- 
ments with minimal impact on the development 
schedule. 

Ability to generate a very large number of custom 
ICs (over 200 different PAL codes are used in the 
APU), significantly reduces the processor’s size 
while increasing overall performance. This means 
that, although the APU and Digital Equipment 
Corp’s VAX-11/750, a gate array-based machine, 
consume exactly the same amount of board space, 
the APU is more than twice as fast. In fact, the 
APU’s Fortran performance is substantially faster 
than that of the VAX-11/780, a machine that con- 
sumes 5.2 times as much board space as the APU. 

Designed as a high speed arithmetic extension to 
the APU execution engine, the APU FPP, unlike 
comparable machines, is an integral part of the 
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Without adding pipe latency, the APU 
is able to accumulate partial products 
at a rate of 8 x 56 bits every 112 ns. 


combination of 3 equally weighted bits can 6 
recoded into a 2-bit field. 

This makes it possible to reduce the three oper- 
ands generated by the multiplication process (high 
and low partial products and 64-bit intermediate 
product) into only two operands which may then 
be summed together in a single lookahead ALU. 
The 3-to-2 recoding requires no-carry propagate 
logic and is therefore very fast. Only one level of 
pipelining is required because of the 3-to-2 
counter’s speed, resulting in both a reduced parts 
count and a reduced pipe latency. 

In the APU floating point engine, 16 AMPALI6Ré6s, 
programmed as triple 3-to-2 counters, are used to 
reduce the three multiplication operands to two 
intermediate results [Fig 4(b)]. The registered PAL 
outputs are connected to the input buses of the 
Mantissa ALU that is also used for floating point 
addition and subtraction. The Mantissa ALU then 
calculates the next intermediate product in parallel 
with the partial products calculations occurring in 
the 8 x 8 multipliers. This intermediate product and 
the new partial products are recoded by the 3-to-2 
counter PAL devices to form the next pair of inter- 
mediate results. This process continues until the 
complete 56 x 56 product is generated. Thus, with- 
out adding pipe latency, the APU is able to accumu- 
late partial products at a rate of 8 x 56 bits every 
112 ns, which coincides with the basic nanocycle 
machine time. 


Barrel shifter, a 3-level implementation 

The APU’s barrel shifter performs left shift, right 
shift, and rotate operations of 0 to 63 bits in a 
single microcycle. Used mainly for floating point 
prescale and normalize operations, the barrel 
shifter (Fig 5) is implemented in three stages: the 
word rotater, nibble shifter, and bit shift and mask 
logic. It is controlled by associated prescale, 
leading zero detect, and mask control logic. 

Prescale logic converts the signed difference pro- 
duced by the exponent arithmetic units based on 
the comparisons of the two operand exponents, 
into an absolute shift distance. This shift distance 
is then used to right shift (prescale) the smaller 
operand Mantissa of a floating point add or sub- 
tract operation. The leading zero detect logic deter- 
mines the left shift distance required to produce a 
left-justified (normalized) result. Mask control 
logic converts rotated data to shifted data by mask- 
ing off the appropriate leading or trailing bits to 
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implement right or left shifts. These three sections 
are implemented in PAL. 

_ Implementing the 3-level, 64-bit barrel shifter i in 
MSI requires the use of Am25S10 4-bit shifters. The 
first level is the word rotater which performs a cir- 
cular rotate of 0, 16, 32 or 48 bits. Although imple- 
mentation is simple, the MSI solution requires 16 
packages. The second level is the nibble shifter, 
essentially identical to the word rotater but wired 
to rotate 0, 4, 8, or 12 bits. The final barrel shifter 
stage requires not only bit rotate but also leading 
and trailing bit masking and sticky bit computation 
(ie, the logical OR of the masked-out bits). An MSI 
solution requires not only the 16 packages of 
AM25S10s, used in each preceding level, but also 16 
AND gate packages for masking, with another 16 
AND packages for the sticky bit computation. Con- 
trol logic for the mask operation requires as much 
logic as the entire shift path. A more practical solu- 
tion consists of building separate left and right 


64-BIT 
INPUT DATA 


WORD 
ROTATOR 


EXPONENT 
ALU OUTPUT 


PRESCALE 
LOGIC 


LEADING 
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NIBBLE ROTATE DISTANCE. > 
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NIBBLE 
ROTATOR 
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BIT-SHIFT B MASK 


64-BIT 
OUTPUT DATA 





Fig 5 Implementation of 64-bit ‘‘Nearest Neighbor, Shifter’ 
is in three stages: word rotater, nibble shifter, and bit shift and 
mask logic. Control derives from associated prescale, leading 
zero detect, and mask control logic. 
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internal architecture and not an optional add-on. 
As a result, the FPP not only accelerates scalar and 
vector floating point arithmetic, but also performs 
byte, word, double-word, and quad-word string 
operations. In addition, it serves to enhance the 
performance of important nonfloating point 
instructions such as Procedure Call and Return. A 
total of 79 PAL devices are used for both control- 
and data-path applications on the FPP board. 


Counter solves multiplication problem 

The heart of the FPP is the multiplier section 
(Fig 3). Double-precision floating point multiplica- 
tion requires the calculation of a 56-bit x 56-bit 
product. Unfortunately, 56 x 56 parallel multipliers 
do not exist on silicon. From a cost/performance 
standpoint, the best solution is to use a number of 
small multipliers to build an intermediate sized par- 
allel multiplier and then produce a large product 
(56 x 56) in multiple cycles. 

Partial product generator FPP logic uses seven 
Am258558 8 x 8 multiplier slices to implement an 8 x 
56-bit multiplication array. Each multiplier chip 
produces a 16-bit product. In general, the 8 most 
significant bits (MSBs) of each partial product gen- 
erator must be added to the 8 least significant bits 
(LSBs) of the next higher slice to generate the full 
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Fig 4 Carry-save adders use 3-to-2 
counting techniques to recode any 
three equally weighted bits into a 
2-bit field (a). Sixteen PAL units 
form triple 3-to-2 counters (b) to 
reduce the three multiplication 
operands to two intermediate 
results. 
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64-bit partial product. Exceptions are the 8 MSBs 
and LSBs. 

This technique also requires the ability to accu- 
mulate partial products with the partial products 
from previous cycles. Thus, each cycle must be 
accompanied by two additions: the partial product 
summation and the intermediate product accumu- 
lation. While this can be done by following the 
multipliers with two levels of lookahead adders, 
usually 74S181s, the resulting nanocycle time is 
approximately three times longer than the partial 
product generation time of the 8 x 8 multipliers. 
Modifying this scheme, however, by adding reg- 
isters between each level of logic, the pipeline 
multiplier reduces the nanocycle time to near the 
propagation delay time of the multiplier chips plus 
the clock to output time of the multiplier register 
plus the setup time of the intermediate result reg- 
ister. This scheme has two disadvantages: increased 
pipe latency, caused by the two extra levels of 
pipelining, and a high parts count. 

Still another technique involves replacing one 
level of the pipe and one level of lookahead adders 
with carry-save adders between the partial product 
generators and the pipeline registers. Carry-save 
adders are used to implement a technique that is 
called 3-to-2 counting. As seen in Fig 4(a), any 
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Fig 6 Word rotation, first level of 3-level shifter, consists 
of eight PAL units, each programmed as two 4-bit rotators. 
It performs a circular rotate of 0, 16, 32, or 48 bits. 
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Fig 7 Nibble shifter makes up second level of barrel 
shifter. It is wired to rotate 0, 4, 8, or 12 bits. 


shifters, 48 packages apiece, and not implementing 
a sticky bit at all. 

Implemented in PAL, a 64-bit rotater and shifter 
with sticky bit computation requires considerably 
fewer packages than a unidirectional MSI shifter. 
The word rotater consists of eight identical PAL 
devices programmed as two 4-bit rotaters/package 
(Fig 6). The nibble shifter requires four Am25S10s 
and eight PAL devices programmed as 6-bit wide, 
4-place shifters (Fig 7). The bit shift and mask logic 
requires 16 PAL devices in the data path and two 
PAL devices in the control path. (Fig 8). 

To implement the masking function required for 
shifting, a technique called ‘‘Nearest Neighbor 
Shifting’? (U.S. patent pending, Computervision 
Corp) is used. Each shift and mask PAL device has 
an enable input from one mask control PAL unit. 
In addition, each shift and mask PAL device is also 
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Fig 9 ‘‘Nearest Neighbor’’ interconnection is used to 
implement masking function for shifting. A mask control PAL 
device determines if all 4 bits are to be masked; enables from 
the adjacent slice determine if the PAL device is at shift 
boundary. 














connected to the enable inputs from its left and 
right-hand neighbors (Fig 9). The mask control 
PAL input determines if all 4 bits from the slice 
should be masked off. Enables from the adjacent 
slice determine if a PAL unit is at a shift boundary. 
RSHFT ° ° If only one of the neighboring slices is disabled, the 
CNABLE : shift and mask PAL unit masks off from 0 to 3 of 
the bits adjacent to the disabled slice, depending on 
the bit-rotation distance. In this way, the 64-bit 
masking operation can be implemented with only 
16 control lines as opposed to at least 64 for an 
SSI/MSI solution. 

In addition to performing the final shift and 
mask operation, the bit-shifter PAL unit also com- 
putes the logical OR of the masked-out bits at each 
slice position. These outputs are then logically 
ORed to generate a sticky bit. The extra hardware 
required is less than two SSI packages. The entire 
PAL barrel shifter requires 38 devices to implement 
64-bit rotation, left shifting, right shifting, and 
sticky bit accumulation. An MSI-based left/right 
shifter, without sticky bit computation, requires a 
minimum of 96 parts. In addition, the logic re- 
quired for implementing the prescale and normal- 
ize operations is significantly reduced through the 
use of PAL devices. 



































Fig 8 Bit shift and mask logic for barrel shifter requires 16 
PAL devices in the data path and two PAL devices in the 
control path. Each shift and mask PAL device has an enable 
input from one mask control PAL device and is connected to 
enable inputs of its left and right neighbors. The 64-bit 
masking operation requires only 16 control lines. 
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&7.2 Article Reprint. 





PLDs As Semicustom Substitutes 


Om Agrawal, Advanced Micro Devices Inc., Sunnyvale, CA 
Jim Beck, Chronon Computer Corp., Mountain View, CA 


oday’s system designers can choose from at least five 

ways to implement their applications: Standard prod- 

ucts (SSI, MSI, LSI—fixed-function devices), pro- 
grammable logic, gate arrays, standard cells, and full-custom 
logic devices. With each alternative come tradeoffs related to 
architectural flexibility, time, and development cost (Figure 
1). The best choice for a given design usually depends on the 
designer’ s priorities. Table | illustrates the selection criteria 
for various alternatives. 


Generic Advantages of PLDs 


Programmable logic devices (PLDs) are off-the-shelf cus- 
tomizable devices that combine the flexibility of custom logic 
with the easy availability of standard products. The major 
advantages of PLDs over other semicustom solutions such as 
gate arrays and standard cells include reduced development 
time, greater design interactivity, and lower overall system 
development cost. 

PLDs offer the fastest design cycle of any semicustom 
device. Since the architecture of a PLD is defined by its 
programmable fuse pattern, PLDs can be programmed within 
hours, instead of the weeks to months required for gate arrays 
and standard cells. Besides allowing an interactive approach 
to system design, this fast turnaround time encourages experi- 
mentation in the sense that different architectures can be tried 
out with a minimum of overhead. If the implementation does 
not work, new devices can be programmed quickly and 
inexpensively, in comparison to other semicustom alterna- 
tives. The system development costs and capital equipment 
costs associated with PLDs are also substantially less than 
those of gate arrays and standard cells. 

_In addition, the total engineering effort required to design, 
test, debug, and bring into production a system using PLDs is 
substantially less than that required for other semicustom 
alternatives. Currently, high-level tools are being developed 
to further simplify the process of designing with PLDs. 
Compiler-based software languages for specifying original 
logic equations can generate a minimum number of interme- 
diate equations with built-in optimizers. There are support 
tools, such as simulators and test vector generators, for 
debugging and testing in both the proven: and production 
environments. 


Architectural Variations in PLDs 


Substantial progress has been made with PLDs in the past 
few years. They are currently accepted as a viable option for 
system design, and they are becoming a preferred approach to 
logic design. 
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FIGURE 1. Development time, cost, and archi- 
tectural flexibility tradeofts.. 


PROMs, PAL' devices, and PLAs constitute the three most 
prevalent programmable logic devices. All these PLDs have 
the same basic two-level AND-OR architecture, but they vary 
in their allocation of logic features and their methods of 
programmability. 

The basic AND-OR structure makes PLDs natural for 
implementing logic equations in Boolean sum-of-products 
form. However, unlike PROMs, which have a fixed AND 
array structure, the programmable AND array structure of 
PALs and PLAs makes them suitable for handling a larger - 
number of inputs. This programmable AND structure also 
means that the inputs are not fully decoded, allowing more 
than one address to select the same word. Also, more than one 
word in the array can be selected simultaneously. PAL 
devices and PLAs therefore overcome one of the key ineffi- 
ciencies of PROMs: a fixed number of inputs. Because the 
PAL devices do not need the fuses and programming and. 
testing circuitry for the OR array, they are typically 15% 
faster than PLAs for a given logic capability. 

Besides supporting a greater number of inputs, the otter 
architectural benefits of PAL devices include programmable 
bidirectional I/O pins, programmable combinatorial or regis- 
tered outputs, polarity control, and flexible product term 
distribution. _ 

The basic PAL architecture incorporates a fuse- -program- 
mable AND array that drives fixed-connection OR gates. By 
blowing the appropriate fuses of the AND array, a designer 


'PAL is a trademark of, and used under license from, Monolithic Memories, Inc. 
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can create a PAL device to implement any logic function 
expressed in a sum-of-products form, so long as the number 
of inputs per AND gate, and the number of OR outputs, do 
not exceed the capacity of the given device. 

For a PAL device, the degree of its programmability and 
architectural flexibility is determined somewhat by the num- 
ber of fuses that form its programmable AND/OR gate. Each 
programmable AND gate is called a product term; these can 
be configured to provide either the logic functions (for form- 
ing the outputs) or control functions (for generating control 
signals). The first generation, 20-pin PAL devices such as 
16L8 or the 16R8 have 64 logical product terms and 8 control 
product terms, with a total of 2K fuses. The second-genera- 
tion PAL device, illustrated by the AmPAL22V10, has an 
array of 5808 fuses with a total of 132 product terms. Of these 
132, 120 are logical product terms and 12 are control product 
terms (Figure 2). 

Each product term consists of a fixed number of inputs. 
These inputs may be dedicated or fed back, or they may 
consist of bidirectional I/O pins. Whereas the first-generation 
devices had 32 inputs per product term, the 22V10 has 44 
inputs to drive each product term (up to 22 inputs with both its 
true version and its complements). 

Programmable I/Os allow the programming of the output | 
buffers through a control product term; they also allow the PRL Coe ee 
output to be configured as a dedicated output pin, adedicated FIGURE 2. Block diagram of the AMPAL22V10 
input pin, or a dynamically controllable input/output. This | second-generation PAL device. 
makes the device useful in fitting the exact number of inputs 
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or outputs required for desired functions. To be used as an 
output, the output buffer is always enabled (i.e., all the fuses 
associated with that product term are blown), and the pin 
behaves as an output pin. For an input pin, the product term 
associated with that output buffer is unused. Dynamically 
controllable input/output buffers result from the output-en- 
able product term being enabled or disabled by a logical 
combination of one or more inputs. Such buffers are useful in 
microprocessor bus-oriented applications, such as data steer- 
ing, storage, or manipulation. 

Output macrocells increase the regularity and design free- 
dom-available with the PAL devices. These macrocells allow 
any or all of the I/O pins to have either registered or combina- 
torial outputs, of either polarity (active high or active low). 
The. programmable output-polarity control feature of the 
macrocell allows the designer to program either the true or 
complementary version of a logical term, whichever makes 
the most efficient use of the chip’s AND array. Also, associ- 
ated with each macrocell is an individual output-enable con- 
trol. term that configures the I/O pins for either input or 
output. Macrocells with individual I/O-enables allow design- 


ers to customize each chip’s architecture to fit its own 


application, using different combinations of registered and 
combinatorial inputs and. outputs (Figure 3). 

Another concept that is quite useful to system designers is 
the ‘‘variable distribution of product terms.’’ This approach 
aids in implementing functions such as counters, exclusivé 
OR functions, or complex: state machines, where different 


states require different numbers of product terms. This is . 


especially useful in counter applications, in which the least 
significant bit(s) of a counter require fewer product terms than 
the most significant bit(s). Besides offering more architectur- 
al flexibility, this results in optimum use of chips’ internal 
resources. . | | 
_ The first generation of PAL devices offered a fixed distri- 
bution of product terms, with a maximum of eight logical 
product terms per output. With variable distribution of prod- 
uct terms, and a larger number of product terms per output (up 
to 16), the 22V10 allows more complex functions to be 
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FIGURE 3. The 22V10 output logic macrocell diagram. 


implemented than was previously possible in a single PAL 
device. 


Application of PALs in System Design 


A system designer typically partitions his task into three 
general areas: data-path, control-path, and interface (glue) 
applications. 

Data-path applications typically include data manipulation 
(ALUs), data storage (register files, pipeline registers), and 
data steering/selection (multiplexing/demultiplexing). In 
these applications, performance and density are critical. Typi- 
cally, the data-path portion of a system is the most structured 
portion, so this is likely to be defined relatively early in the 
design cycle and is unlikely to require changes during proto- 
typing. Hence turnaround time normally is not critical for the 
data-path portion of a typical system. 

Control-path applications usually include the timing, se- 
quencing, and decision-making portions of a digital system. 
These sections are normally implemented with state ma- 
chines—either random logic in either PROMs or RAMs. The 
control section is the most complex portion of a digital 
design, and it is likely to contain subtle errors and to require 
many changes during prototyping. Performance and turnar- 
ound time tend to be critical for the control path, while 
density considerations are less important. 

Interface or glue applications fulfill the miscellaneous 
functions. Typically, interface circuitry connects LSI mod- 
ules, such as microprocessors, peripherals, and gate arrays. 
For interface applications, turnaround time is quite critical. 

PAL devices, because of their general-purpose nature, are 
used in all of these applications—data path, control, and 
interface. In the data path, they can be used for data steering 
and data manipulation. Using PAL devices for data steering 
simplifies the implementation of a multiple-bus architecture. 
Data manipulation may include functions such as 16/32 
bidirectional shifters, barrel shifters, constant-generation log- 
ic, and sign-extension logic. PALs are also used extensively 
for optimizing control functions, such as instruction pre- 
decoding, double pipelining control, register file control, and 
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special-instruction control. 

Most of the design support for PAL devices has been 
concentrated on either sequential controllers or expanded 
versions of available MSI parts. However, in these two 
applications, alternative choices often diminish the appeal of 
PALs. For example, in sequential-controller designs, PROMs 
compete with PAL devices, because they do not have the 
product term limitation of the PAL devices. In the case of 
expanded MSI functions, the idea of implementing a 28-bit 
counter with a single 40-pin PAL device, for example, 
requires careful cost analysis before one can seriously consid- 
er replacing multiple-sourced SSI and MSI chips. 

Here we will look at some alternative uses for PAL devices 
that are not normally presented in the literature. The applica- 
tions described make extensive use of the Am22V10. Al- 
though the 22V10 is not the most complex device offered in 
the PAL universe, it does have the speed and features neces- 
sary for high-performance TTL designs. 

Two applications using the 22V 10 are presented here: a 32- 
bit bidirectional shifter, and an interrupt mask and control 
register. The shifter is a relatively straightforward design that 
can easily be implemented with SSI/MSI multiplexers; how- 
ever, using PAL devices offers some significant component 
savings. The interrupt mask and control register demonstrates 
how PALs can combine several functions to aehieve a clean 


FIGURE 4. A 32-bit bidirectional shifter using 22V10s. 





design of a traditionally messy circuit. The two applications 
make use of some features of PAL devices that are especially 
valuable for digital system design, as follows. 

Control Decoding/Pre-Decoding. This function is normal- 
ly done outside the data path, early in the CPU clock cycle, 
but can often be performed in parallel inside a data-path PAL. 
The savings in both clock time and complexity of control can 
be substantial. 

The use of PAL devices as macro instruction registers 
illustrates how chips can be used to optimize a routine 
function and help pre-decode the functions. An instruction 
register typically is used to receive instructions from the data 
bus during memory fetch operations. The instruction is then 
decoded by the control sequencer section and executed. 
Separating the information used during the decoding cycle 
from the execution cycle helps improve performance. This 
may allow the instruction register to pre-decode instructions 
‘‘on the fly’’ as they come off the data bus, without losing any 
data in the instruction word. This results in a significant 
increase in control-sequence speed. 

Concatenation of Functions. This reduces parts counts and 
eliminates the associated interchip delays. A simple example 
is an MSI part followed by a latch or register, which can 
easily be replaced with a PAL. 

Reduction of Signal Loading by PALs. When several MSI 
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parts are replaced with a single PAL, the suinber of joss and 
the signal delay are both reduced. 

Availability of Multiple Outputs of Selsciabies Polarity 
Simultaneously. As with the signal loading point above, 
multiple outputs may mean faster signals, simplified wiring, 
and simplified data steering. 


Implementation of a program counter (PC) with PAL ~ 
devices is an excellent example of how PALs can be used in 


data steering applications. Typically, the PC is implemented 
as an incrementing register that is parallel-loaded from the 
ALU output, and which sources multiple buses: a memory 
address bus to initiate memory fetch operations, and a internal 
bus for relative branch address computation. Since a typical 
MSI device has few three-state outputs, it cannot drive two 
separate buses. Implementing this with SSI/MSI devices, 
therefore, requires additional three-state controls adding un- 
necessary delay in the memory path, compared to the PAL- 
device solution. 

Inclusion of Additional Functionality Not Envisioned in the 
Original Design. Whether this takes the form of ‘‘fixing an 
oversight’’ or ‘‘upgrading the features,’’ unused PAL pins 
and extra-product terms are available for the system designer 
to consider ‘“‘what else’’ a computer might do. 

Support for Minimum Parts Count. Often, the objective is 
to build high-performance CPUs that require a minimum of 
board space. This requires a design with as few parts as 
possible while implementing a complex machine in parallel. 
For such applications, PAL devices can aid system designers, 
because of their ability to implement cornplex custom func- 
tions at relatively high speeds. 


A 32-Bit Bidirectional Shifter Using PAL Devices 


For data-path applications, designers often need greater bit- 
manipulation and bit-shifting capability than is offered by off- 
the-shelf SSI/MSI devices. A conventional shift register usu- 
ally shifts its entire contents only one bit position in a clock 
cycle. Multiple bit shifts require multiple clocks, thus penal- 
izing performance. 

Bidirectional shifters can shift data both to the left and to 
the right. For a left shift, data is shifted (toward the most 
significant bit), usually with zero fill at the least significant bit 
(LSB). For a right shift, data moves toward the LSB, filled by 


a ‘‘bit’’ that is controlled externally. Usually, this fill bit is | 


ihe: zero (for zero fill) or a sign bit. 

Designing a shifter with MSI to allow a simultaneous 32- 
bit bidirectional shift can be approached in several ways. 
Conceptually, 32 32-to-1 multiplexers would be the simplest 
design. Here, only one rank of parts would do the job in the 
time defined by the propagation delay of this multiplexer. 
However, the loading of each data and control bit (32 loads), 
the wiring mess, and the lack of real 32-to-1 SSI/MSI 
multiplexers in particular force slower, multiple-rank 
designs. | 

In a multiple-rank shifter, each level of logic (rank) per- 
forms a shift operation of something less than the full amount. 
The shift amounts of all the ranks, when multiplied together, 
must equal or exceed the total shift amount desired. For the 
32-bit case, five ranks of 2-to-1 multiplexers would do the job 
(2° = 32), using 40 16-pin parts. 

In order to minimize the chip count, off-the-shelf ‘‘shift- 
ers’’ or parts designed to permute input and output lines can 
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be used. Some of the available devices include the Am25S10 
(TTL 4-bit), the F100158 (100K ECL, 8-bit) and the 
MC10808 (10K ECL, 16-bit). For the target 32-bit TTL 
bidirectional shifter design, 3 ranks of the Am25S10, with 
each rank using 8 devices, would perform the shift in 39 ns 
(typical) or 60 ns (maximum). 

The design presented here uses only two ranks of shifters, 
made from PAL devices. The first rank, using five 22V 10s, 
shifts the input bits to the left or right by 0, 1, 2, or 3 places. 


_ The second rank uses four 22V10s and rotates each input bit 


to one of 8 outputs Figure 4. 

The first-rank shifter acts as a 7-to-1 multiplexer for each of 
the 32 output bits. The number of product terms available in 
the 22V10 varies between 8 and 16, depending on which 
output is used. The 32 data inputs are numbered from bit 0 to 
IF, and the fill signal is controlled externally. This capability 
provides logical shift, with either zeroes pulled in, or any 
other bit controlled externally, for a shift-down operation. 

Bits SO through S4 provide the total (32-bit) shift amount. . 
The actual number of bit positions to be shifted can be 
programmed by the user with these bits. The direction signal 
specifies either a left or right shift. Table 2 shows the output 
equations for B,,, B,-, B,, and B, bits (intermediate signals). 

The first-rank PAL devices provide 0-, 1-, or 3-bit bidirec- 
tional shift capability, specified by SO and S1. The three-state 
control OE signal facilitates rapid data-bus access in bus- 
organized systems and can be used to increase the number of 
places shifted. As seen from Table 2, the equations use seven 
product terms to implement the 7-to-! multiplexer function 
for the 7 left or right bits. 

The second rank of PALs uses four 22V10s and rotates 
each input bit to one of 8 outputs. Just for providing the 8- 
place rotator function, exactly eight product terms are needed 
for each output, as shown below: 


IF = /S2 */S3 */S4 *Bye 
S2 */S3 */S4 *Bip 
/S2 * §3 */S4 *Byy 
S2 * $3 */S4 *Bys 
/S2 */S3 * S4 *Be 
S2 */S3 * S4 *Bs 
/S2 * §3 * S4 *B, 
S2 * S3 * S4 *B, 


t+++t+4+4+4 


Because the AmPAL22V10 can provide up to 22 inputs. 
and 10 outputs, it has more than enough capacity for this 
simple 8-bit rotating function. With its excess input/output 
and product-term capability, the AmPAL22V10 device is 
able to incorporate more functions in the second rank, as 
shown below. 

_ The second rank of 22V 10 shifters can operate in any four 
user-programmable modes, determined by the logic levels 
applied to pins FO, Fl (function pins) as shown in Table 3. 


MODE 0 


Mode 0 specifies rotation to the right by N nibbles as 
determined by the three bits S2, S3, and S4; it also inserts the 
‘“‘FILL”’ bit, which specifies the logic level to fill the posi- 
tions left empty by the shift. The FILL bit is controlled 
externally. Mode 0 also specifies ‘‘LOAD WORD”’ oper- 
ations from memory. For this, the shift amount has to be ‘‘0 
nibble,’’ because there is no filling or shifting in this mode. 
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TABLE 2. 32-bit bidirectional shifter first-rank 
output equations. . 





TABLE 4. 32-bit bidirectional shifter second- 
rank equations. 


MODE 1 


This mode specifies the ‘‘LOAD BYTE”’ operation, en- 
abling a ‘‘rotate right’’ by N nibbles (or 2N bytes), after 
which a byte is loaded and empty bits are filled with the FILL 
bit. For this, the least significant bit (S2) must be 0, as shown 
in Table 4. The upper empty bits in the left-hand side are 
filled with the “‘FILL”’ signal. 


MODE 2 


This mode specifies ‘‘ROTATE LEFT’”’ by N nibbles. The 
amount of nibbles to be shifted (N) is determined by S2, S3, 
and S4. For a left shift, the right end is filled with zeros. This 
mode also specifies store operation by byte, half-word (two 
bytes), and full word. The proper amount of shift, specified in 
S2 through S4, has to be provided by the appropriate external 
control signals. 


MODE 3 


This mode is similar to Mode 1, except that it loads a half- 
word (2 bytes). Data is always right-aligned. 

As shown in Table 5, the most significant bit needs 22 
product terms. After optimization, these product terms are 
reduced to 14 product terms, a number that the 22V10 can 
accommodate. 
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ABLE 3. Functional modes of the second rank 
of the bidirectional shifter. 





TABLE 5. The Mode 1 LOAD BYTE operation re- 
quires that S2 be zero. 


The eight outputs of the second-rank PALs need 14, 13, 
13, 12, 13, 12, 10, and 9 product terms, in that order. The 
number of product terms available in the 22V10 varies 
between 8 and 16, depending on which output is used. Using 
eight outputs of the 22V10, which have 14, 14, 16, 12, 16, 
12, 10, and 10 product terms for these outputs, only eight 
product terms (for these outputs) are left unused. 

Implementing a 32-bit bidirectional shifter will take 16 
first-generation PAL devices (AmPAL 16H8/16L8). Imple- 
menting these with SSI/MSI, such as Am25S10, will increase 
the device count to 24. 


Gate Array Implementation of the 
32-Bit Bidirectional Shifter 


Implementing the straight 32-bit bidirectional shifter would 
take about 1,412 gates in CMOS, as shown in Table 6. 
However, the minimum number of I/O pads will be more than 
96 [32 data inputs, 32 outputs, and 32 intermediate signals 
(B;--0), plus at least 7 control signals]. Also, for the gate 
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FIGURE 5. A 4-bit vectored priority interrupt 
controller implemented with the 22V10. 


array implementation, 32 on-chip buffers and 32 2-to-1 multi- 
plexers will be needed for the 32 intermediate bus signals (Bi 
to Bo). This will require a total of approximately 1,600 to 
1,700 gates for a gate array implementation. With the require- 
ment for at least 96 I/O pads, the choice for the CMOS gate 
array (using LSI Logic’s gate arrays) will be either LL5220 
(2224 gates) or LL7420 (4242 gates). 


Interrupt Mask and Control Register 


This example illustrates the use of 22V10s to simplify the 
design of an interrupt system; to reduce its cost, size, and 
package count; and to increase its speed and reliability. 


A good interrupt system should handle multiple interrupt: 


requests, prioritize interrupt requests, nest the interrupts’ 
service routines (for serving higher-order interrupts), and 
enable/disable interrupts on the fly (dynamically). It should 
also provide selective masking of individual interrupt re- 
quests, and flexibility in the method of clearing interrupt 
requests, as well as a fast interrupt-response system. Ideally, 
it should also support hardware modularity. | 
Handling the qualification, latching, and priority ordering 
of interrupts often seems to require a disproportionate number 
of chips. With the 22V10, however, a registered 4-bit inter- 
rupt mask with tristate outputs, a master interrupt-mask bit, 
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FIGURE 6. A 16-bit vectored priority interrupt 
controller using 22V10s. 


four individual interrupt inputs, a registered priority encoder, 
and a non-latched interrupt detected output can all be included 
in one chip. The interrupt-mask register includes a master 
reset and a load-enable pin to ease interfacing with other 
tristate buses. The priority encoder can also detect any combi- 
nation of input signals considered to be ‘‘illegal,’’ and gener- 
ate a fatal error signal. Figure 5 shows the use of the 22V10 in 
this application, which uses 13 inputs and 8 outputs of the 
22V10. 

A four-bit mask register is used to mask individual inter- 
rupts. Considerable flexibility is provided for controlling the 
mask register. Interrupt requests on lines INTO through INT3 
are ANDed with the corresponding bits of the MASK regis- 
ter, and results are sent to a 4-input priority encoder; this 
produces a 2-bit encoded vector representing the highest 
priority interrupt, which is not masked. The LOADMSK 
signal loads the MASK register from the input lines. The 
entire mask register is cleared by the MSKRESET_L signal. 
The MSKOE.L signal enables the MASK register outputs 
onto the three-state output bus. VECTOR[1:0] provides the 
encoded interrupt-vector outputs. The interrupt-detect circuit- 
ry flags any unmasked interrupt input and generates the 
INTDET signal. FATALDET signal provides the illegal 
state. Table 7 shows the PLPL (programming language for 
programmable logic) description of this 4-bit vectored prior- 
ity-interrupt controller. 

Structuring of the interrupt logic with a PAL device is 
beneficial in two ways. This approach provides hardware 
modularity, which easily supports expansion. Additional 
modules may be added as the need to service additional 
requests arises. This hardware modularity also provides a 
structural regularity to the hardware design, which simplifies 


3-334 


H 
us 
: 


a 
rk 
d 

i 





TABLE 7. PLP 
controller. 


system architecture and reduces the number of SSI/MSI 
packages. For more than 4 interrupt bits, the vectored outputs 
of multiple 22V 10s can be combined externally using another 
PAL, as shown in Figure 6. As an alternative, however, the 
logic that uses these interrupt vectors (such as the program 
counter) can also be constructed with PALs and can combine 
the vectors internally. 


Myths of Gate Counts and 
Gate-Equivalent Comparisons 


The ‘‘gate-flation’’ of PAL devices and the associated 
marketing claims are a constant source of confusion in the 
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industry. While various attempts have been made to develop a 
‘‘gate equivalent’ formula for PALs, there does not exist an 
acceptable definition. 

Comparing PAL devices and gate arrays on a gate-equiv- 
alent basis is like comparing apples and oranges. For PAL 
devices, it probably does not make too much sense to try to 
develop a ‘‘gate equivalent’’ formula. This is because, for 
system designers, gate arrays and PAL devices are different 
semicustom alternatives, each having their own distinct ad- 
vantages and disadvantages. 

Existing PAL devices are perceived by system designers to 
be strictly SSI/MSI replacement devices, rather than replace- 
ments for gate arrays. Although as an academic exercise one 
may try to do equivalent gate counts for PAL devices, 
boasting PAL devices’ gate-equivalent capabilities only adds 
to the confusion. 

As was mentioned at the beginning of this article, the major 
advantages offered by PALs over other semicustom alterna- 
tives (such as gate arrays and standard cells) include faster 
turnaround time, design interactivity, and lower development 
cost. In addition, PAL devices are available off-the-shelf 
from many sources. 

System designers who might be able to afford gate arrays 
but cannot afford their longer turnaround times, as well as 
those whose volumes do not justify going to gate arrays, 
should very seriously consider designing with PAL devices. 

Instead of trying to work out gate counts of a design first 
and then figuring out whether a given PAL device can 
implement this, system designers should try to focus instead 
on the capabilities offered by a particular PAL device. For 
optimum usage, an attempt should be made to fully utilize the 
capability of a PAL device-—-its I/Os, product terms, and 
registers. In applications that can make use of most or all of a 
PAL device's features, chips such as the 22V10 can offer 
substantial advantages to the designer, compared to any 
alternative implementation. C] 
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3.7.3 Article Reprint 





Hanging a user-customized macrocell at each output of an LSl-level 


fuse-programmable array logic gives it the flexibility of a gate array. 
The result: Less hardware is needed for high-level functions. 





Reprint with permission from ELECTRONIC DESIGN 


Programmable logic chip | 
rivals gate arrays in flexibility 


Designers of semicustom ICs have long appre- 
ciated the in-house programming capabilities of 
programmable array logic devices. But gate arrays, 
with their LSI densities and wider opportunities for 
customization, are an inviting alternative, even if 
they must be sent out for metal-mask processing. 
Which approach should 
the designer use? 

An agonizing choice be- 
tween convenience and 
versatility is no longer 
necessary. The first fuse- 
programmable chip capa- 
ble of implementing LSI 
circuits blends the advan- 
tages of both types. The 
result is more cost- 
effective designs with 
higher-level functions 
than previous pro- 
grammable logic devices 
offered and a shorter 
turn-around time than is 
possible with gate arrays. 

The new chip, the 
AmPAL22V10, can be 
thought of as a fuse- 9 
programmable gate array, | 
since at twice the density of previous programmable 
array logic devices, it replaces the equivalent of log- 
ic circuits having 500 to 1000 gates (see “Blending 
Programmable Logic. and Gate Arrays,” p. 97). In 
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fact, because of its flexible, programmable architec- 
ture, the chip spans the breadth of standard SSI, 
MSI, and present-generation PAL devices, often ac- 
complishing what could not be practically done with 
several such chips. 

Designers program the 22V10 by opening fusable 
links in any or all of its 10 
output macrocells, as well 
as in its AND-gate array, 
developing the needed log- 
ic functions. Though the 
AND-gate structure 
makes the unit similar to 
other PAL devices, the 
chip’s 10 output logic mac- 
rocells afford a substan- 
tial new degree of design 
freedom (Fig. 1). 

What’s more, at the 
chip’s output pins are 10 
three-state output buff- 
ers, each fed by a mac- 
rocell and controlled — 
through a separate out- 

-put-enable AND gate. 

The macrocells provide 
the 22V10’s key features: 
They can be configured to 

make any or all of the I/O pins act either sequen- 
tially or combinatorially and have either active 
highs or active lows. Additionally the Output En- 
able can individually control the I/O terminals to 
act as output pins, input pins, or bidirectional ports. 
Thus the designer can readily change the chip’s ar- 
chitecture. 

Within the array, each AND gate is fed by the 
true and complementary levels of the chip’s 12 input 
lines, one of which doubles as a clock line. Also, each 
AND gate is fed by the true and complementary 
levels of the 10 feedback outputs from the output — 
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logic macrocells. 

Each of the AND gates therefore has 44 inputs, 
and there are a total of 132 AND gates in the array. 
The result is over 5800 fuses that can be pro- 
grammed to perform the desired function. 

A total of 120 of the input AND gates are distrib- 
uted to drive 10 OR gates, forming the logical part 
of the AND array. In addition, one AND gate is 
assigned to control each of the 10 three-state out- 
puts, and the remaining two gates activate synchro- 
nous register presets and asynchronous register 
resets. 

The array itself consists of 10 AND-gate macro- 
cells (five similar pairs), each logically ORing the 
outputs of anywhere from 8 to 16 AND gates. The 
AND gates are distributed so that the two out- 
ermost macrocells in the array logically OR to- 
gether eight AND gates. The next two outermost 
macrocells logically OR together 10 AND gates; the 


t  Nalens bis 





1. A fuse-programmabie LS! device combines the efficiency 
of programmable logic arrays with the flexibility of gate 
arrays. Ten user-definable output macrocelis allow the 
designer to set the logic outputs individually for one of four 
configurations. They can even be used as inputs or 
dynamically controlled 1/0. 
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next, 12 AND gates; and so on, traveling inward 
along the array. In other words, moving toward the 
array’s center, two AND gates are added to succes- 
sive pairs of macrocells, ending with the two inner- 
most macrocells, each ORing 16 AND gates apiece. 

The variable distribution of AND gates is partic- 
ularly useful when implementing counting, ex- 
clusive-OR functions, and complex state machines. 
For example, a 10-bit binary counter has only one 
AND gate on the LSB but requires an additional 
gate for each succeeding bit, for a total of 10 AND 
gates to implement the MSB. Should a hold, parallel 
load, or specialized function also be desired, the 
MSB requires even more AND gates. 

To program the array into its familiar sum-of- 
products Boolean function, a designer blows the cor- 
responding fuse links. Those links initially con- 
nected the chip’s pins and their complements to all 
132 of the 44-input AND gates. As mentioned, the 
designer can also program any OR-gate output to be 
a dedicated input or a dynamically controlled I/O 
pin. This is possible because the connection from an 
output macrocell to its output pin is through a 
three-state output buffer and is controlled by an 
output-enable AND gate. Turning off the connec- 
tion turns the output pin into an input. Otherwise 
the pin remains connected to the output macrocell, 
fed by the OR gate. 


An output with a difference 


The chip’s output section is where it appears more 
like a gate array than a PAL device. The output 
macrocells allow the designer, by individually set- 
ting the outputs to be either sequentially or combi- 
natorially and either active high or active low, to 
program either the true or complementary version 
of a logical term—whichever makes the most effi- 
cient use of the chip’s AND array and fits the chip 
to the application. Furthermore, independent con- 
trol over the active state helps the designer conform 
to common logic conventions, thus avoiding con- 
fusion and error. 

For example, certain functions, such as chip se- 
lects and resets, tend to be active low. The output 
macrocells avoid contradictions with convention by 
inverting outputs, individually changing them when 
necessary to conform. Finally, by individually 
selecting either sequential or combinatorial out- 
puts, the macrocells impart to the chip the capacity 
for implementing more functions than is possible 
with existing PALs. 

The macrocell (Fig. 2a) contains three main logic 
blocks: a rising-edge-triggered D-type flip-flop 
with asynchronous reset and synchronous preset in- 
puts, a four-to-one output-path selection multiplex- 
er, and a two-to-one feedback-path selection multi- 
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plexer. Two fuses are imbedded in each macrocell to 
control the four possible output configurations: R, 
selects sequential or combinatorial operation; Pr se- 
lects active low or active high. 

With both fuses intact, the output is sequential 


and active low (Fig. 2b). The Q output of the flip- 


flop passes to an inverting output buffer, and the Q 
output feeds back to the AND array internally. This 
configuration is particularly suitable for state- 
machine designs. Alternatively, by programming 
(blowing) P,, the designer can make the output ac- 
tive high. 

On the other hand, by programming only R,, the 
designer makes the output combinatorial and active 
low. For this scheme, the OR-gate output bypasses 
the flip-flop and feeds the inverting output buffer 
directly. At the same time, the feedback multiplexer 
passes the output back into the array (Fig. 2c). 

By programming both fuses, the designer makes 
the output combinatorial and active high, and, 
again, the feedback multiplexer passes the output 
back to the array. This configuration serves best for 

“glue” logic and for generating complex control 
functions. 

Finally, when the device is programmed in the 
combinatorial configuration, the programmable 
Output Enable can be used to transform an output 
pin into a dedicated input or a dynamically con- 
trolled I/O terminal. Once enabled as a dedicated 


input, however, a pin’s output function is sacrificed. 
This capability is extremely valuable when par- 
titioning functions into the device. The limitation is 
no longer the numbers of input devices, but the total 
number of device pins. Lastly, as a dynamically con- 
trolled 1/0, the pin serves both functions, meeting 


_ most bus requirements. 


intelligent use 


One of the most challenging jobs in designing 
microprocessor systems is installing intelligent pe- 
ripheral controllers—that is, controllers that can 
transfer data themselves and so unburden the pro- 
cessor from inefficient polling operations. One solu- 
tion is to build a custom intelligent controller from | 
scratch using the 22V10 (Fig. 3). This controller gov- 
erns data flowing between a microprocessor and up 
to eight peripheral devices, all conforming to the 
Small Computer Systems Interface standard (SCSI, 
the ANSI X3T9.2/82-2). 

The interface consists of an 8-bit bidirectional 
data port (DB;-DB,); three control outputs— 
Acknowledge (ACK), Select (SEL), and Reset 
(RST); and five control inputs— s— Request (REQ), 
Control/Data (C/D), Message (MSG), Busy (BSY), 
and Input/Output (I/O). There are additional 
signals, unrelated to the SCSI standard. They in- 
clude several microprocessor controls, such as ad- 
dress lines A; and Ag for setting the data’s desti- 





Blending programmable logic and gate arrays 


Centered on a fuse-programmable AND array, the 
architecture of a PAL (programmable array logic) 
device offers designers a powerful, instantly mod- 
ifiable logic building block. As a result, PAL devices 


are used in a wide variety of applications, ranging | 


from microprocessor-based systems to supermini- 
_ computers. 


Since gate arrays are not programmed in house, . 


they have a much slower turnaround time and higher 
cost. Yet gate arrays’ simple logic structure makes 
them easier to customize than PAL devices, and their 
larger size makes for denser logic structures. 

A gate array’s simpler structure can be a draw- 
back, however. For example, typical gate arrays are 
based on just two- or three-input gates; therefore, to 


implement complex functions, they often require - 


many gate levels, which results in slow logic struc- 
tures. In contrast, PAL devices, like memories, make 
more efficient use of their silicon area and can be 
configured into fast logic structures. Consequently, 
even with a slight overhead for programming cir- 
cuitry, PAL densities are beginning to rival those of 
gate arrays. 

However, innovative circuit techniques and an 
oxide-isolated bipolar process team up in the 
AmPAL22V10 and combine the advantages of PAL 


devices and gate arrays. For example, the pro- 
grammable output macrocells are designed to add 
only one Schottky diode in the delay path. As a 
result, the chips selected for high speed have a worst-. 
case input-to-output propagation delay and setup . 
time of only 25 ns, as well as a worst-case clock-to- 
output delay of a speedy 15 ns, over the commercial 
temperature range. Also, the oxide-isolated process 
fits the chip’s ability to implement complex func- 
tions into a 24-pin, 0.3-in.-wide package. 

For convenience, a feature called Preload loads the 
chip’s internal registers with an arbitrary value, so 
that the designer can perform a complete post- 
programming functional test. In fact, Preload is a 
necessity for testing state machines, where the suc- 
cessive states depend on past and present values, as 
well as on the inputs. Without Preload, complex and 
sometimes impossible sequences would have to be 
entered before the first test could be performed. 

What’s more, platinum . silicide fuse technology 
makes programming faster and increases reliability, 
and a well-controlled melting rate yields large, sta- 
ble, nonconductive gaps. Address circuitry, much like 
that of a PROM, blows one fuse at a time, and pro- 
gramming is done with an algorithm that is easily | © 


adapted to a wide variety of available machines. 
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nation, read and write controls (IORD and IOWR), 
Interrupt Request (INTREQ), Chip Select 
(CSSCSI), System Clock (SYSCLK), and buffer and 
latch enables (BE and LE) for passing bus data be- 
tween the processor and its peripherals. 

In operation, the controller assigns one of eight 
peripheral devices to be a master by activating SEL 
and at the same time sends the master’s address to 
the SCSI data port. From then on, when a device 
notifies the controller that it needs to transfer ei- 
ther a command or data, the controller interrupts 
the host processor. In turn, the processor reads the 
controller’s status register to determine which de- 
vice is requesting service and the type of request it 
is making. After its status register is read, the con- 
troller removes the interrupt request and carries 
out the required transfer. fe 

Meanwhile the selected device issues a BSY 
signal, letting the other devices know that the bus is 
in use. The data transfer is managed by the hand- 
shake signals ACK and REQ, and the processor ac- 
tivates RST as needed by pulling both WR and RD 
low at the same time. 











Matching the chip to its application starts with 
an assessment of the available resources against 
those needed to do the job. In general, that means 
establishing that the chip has enough input and 
output pins and product terms to accommodate the 
logic functions required by the application. 

As to the pinouts, the 10 outputs required by the 
application do, in fact, match the 10 available on the 
chip. Four of the pins are used for the bidirectional 
data bus and the rest are dedicated outputs. As for 
inputs, the SCSI controller requires 11, which the 
chip more than satisfies with its total of 12. 

Next the designer develops the product terms 
needed to execute the controller’s job and compares 
the number and size of the required terms with the 
number available from the chip. The resulting con- 
troller equations (see Table 1) number 10, and these 
nestle neatly into the chip’s 10 available AND-gate 
macrocells. Also, the maximum number of terms in 
any one equation—in this case, those making up the 
acknowledgment function—is only 6, compared 
with the chip’s capacity of 8 to 16. Thus the control- 
ler function fits easily into a single programmable 
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Reset 
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2. Each of 10 output macrocelis (a) are independently fuse-programmed for one of four 
configurations. Fuse R,, controls whether the outputs are sequential or combinatorial, and 
fuse P,, determines whether they are active high or active low. With no fuses blown, the 
output is sequential and active low (b). Blowing only R, gives a combinatorial active-low 
output, and blowing only P,, gives a sequential active-high output. Finally, blowing both 
fuses changes the output to combinatorial and active high (c). 
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logic array, as can more complicated micro- 
processor peripheral interfaces. — | 
The 22V10’s real power, however, becomes appar- 
ent when it is needed to fill an application that 
appears to demand more than the chip’s resources 
can deliver. Insufficient input or output pins or 
product terms are frequent shortcomings of many 
devices when the job is very formidable. With its 


highly versatile I/O architecture, however, the 
22V10 can accommodate conditions that would 


make chips even larger than itself inadequate. 


Table 1. Peripheral controller equations 


Combinatorial equations 
BE =CS- RAD: Ap: Ay 
CE = CS: WR: Ao 

Da = Ay*C + Ay + ACK 
Do = Ay* M+ A,°* SEL 
Dy = Ay °'B + Ay + RST 
Do = Aye +Aq°R 


















Sequential equations 
INTREQ= A (i?C>M+d°GeM+i:C*M + ICM) 


ACK=CS * WR* Ag+ Ay*Dg+A> ACK (GS* WA’ Aa’ At) + 
RCS: RD: Ap: Ay | 


SEL = GS + WR* Ag Ay" Do + B+ SEL: ( GS WA’ Aa’ Al) 


RST = RD» WR + CS: WR Ag: Ay Dy + 
RST «(CS * WR" Ap? Ay) 


SYSCLK 
CSSCS! 
iOWR 
jORD 


A, 
A, 


INTREQ 
Data 3 
Data 2 
Data 1 
Data 0 


Data 7-0- 


3. The problem of designing an intelligent peripheral 
controller is simplified by the 22V10’s flexible I/O structure. 
With the freedom to assign different architectures to 
different pins, the designer can make better use of the | 
chip’s input and output pins and product terms. 
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For example, one of the most complicated func- 
tions to perform with a digital computer is floating- 
point arithmetic, or more specifically the nor- 
malizing of numbers in the process. As a result, no 
standard MSI or LSI logic for normalization exists. 
Yet the programmable array is well-suited to inte-_ 
grating at least part of this complicated logic func- 
tion. 

Normalization is necessary because a floating- 
point number is represented in two parts: a man- 
tissa and an exponent. The mantissa is a fractional 
number that is adjusted, or normalized, so that a 
binary 1 always occupies the most significant bit. To 
normalize a floating-point number without chang- 
ing its value, a compensating adjustment must be 
made to the exponent. In effect, the exponent, a 
power of two, is incremented for each bit position 
that the mantissa is shifted to the left. | 

Because the process of normalization can be very 
costly if done wholly in parallel, it is more efficient 
to process a number one byte at a time. Further- 
more, because of the function’s complexity, it is rea- 
sonable to partition the normalization unit into two 
units: an execution unit, which acts on the incoming 
data, and a control unit, which directs the execution 
unit. Thus the two units together form a byte-wide 
floating-point normalization (BFN) unit, with the 
programmable logic array making up the execution 
unit (Fig. 4). 

The design of the execution unit breaks up log- 

ically into the four main instruction categories; De- 
tect, Normalize, Merge, and Shift. Detect tests the 
incoming data for a binary one in any bit position. 
When such a nonzero byte appears, a flag, F, 
informs the control unit and tells it to begin the 
normalization process. Next, the Normalize com- 
mand determines the number of bit positions to 
shift the incoming byte, in order to put its first bit 
in the most significant position. Then the Shift com- 
mand adjusts the input data to the left by the spec- 
ified number of bit positions, filling the lower bits 
with Os. Finally, the Merge command adds in the 
full numbers’ remaining bits, adjusting them so 
that the entire number is intact and shifted. 
- From the beginning, even before the equations of 
the execution unit have been fully developed, it ap- 
pears that the resources of the programmable array 
will be insufficient for the job (see Table 2). Four- 
teen input pins are needed, against the chip’s 12, 
and 12 output pins are needed, whereas the chip has 
only 10. Nevertheless, a closer look at the execution 
unit equations, with an eye toward consolidating 
I/O pins and functions, turns up paths around the 
seeming shortages. 

One “problem” that proves not to be one is the 
number of outputs. Although they number 13, not 
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all are active at the same time. For example, the 
outputs Vo-V2, which specify the number of shift 
positions as a three-bit binary number, are active 
only when no other outputs are. Thus they can share 
their output circuitry with other signals, relieving 
the output shortage. 

However, combining the shift outputs with other 
terms creates a product-term deficiency. Yet, again, 
careful observation reveals a solution. One way to 
reduce the product terms of a function is to invert it, 
using the programmable array’s output macrocell. 
The most likely candidate for such a reduction is the 
function with the most product terms. Although 
there are several, the best, because it is relatively 
removed functionally from the others, is the detec- 
tion flag, F. Its function is given by: 


F = D,+D,.+D;+D,+D3+De2t+D,+Do 


where D, through Dy are input data bits, which, if 
any are high, indicate a nonzero byte. 


Table 2. Allocation of chip resources 


114 required 


120 available 


108 required 


Byte-wide shag joint 
normalization ( 
control unit 


Function unit 
clock (50 ns) 
(CLK) 






When De Morgan’s theorem is applied, the long 
OR string of active-high data reduces to a single 
AND term, saving a total of seven product terms. 
Still, two input pins must be found for the pro- 
grammable array to fully incorporate the logic of 
the execution unit. Since De Morgan’s theorem can- 
not minimize the logic any further, the only answer 
is to locate any product terms that underuse the 
chip’s resources, combine them, and lend their out- 
put pins to the cause by making them I/O pins. 

Examination of the instruction input specifica- 
tion (see Table 3) reveals that during Detect only 
three of the five instruction inputs are necessary, 
freeing the two others to be used as outputs. There- 
fore instruction bits Ip and I, can share the outputs 
that were previously dedicated to shift bits Vo and 
V,, thus meeting the execution unit’s final require- 
ments in a single chip.O 


| Table 3. instruction definitions 
Normalize 
Merge 


Detect 
Shift 


instructions, 
ato 





instruction 
code (ig-Io) 


OOXXX | 
OOXXX 

O1NgN2No 

10NoN4No 


Data ak AS 100 ns), 
7~ Wo 








Exponent input 


BFN 
execution 
unit 


Exponent 
adjustment 
functional 
unit 


Status 
N) (detection 
fiag and 
others) 


BFN functional unit 





day output, Exponent output 


ti 


4. Floating-point arithmetic is a hardware-intensive process that, for the most part, has 
defied integration. Yet by partitioning the tasks into smaller pieces, a designer can 
apply the power of the programmabie array to the job. The chip’s flexibility 
contributes to its successful implementation as a floating-point execution unit, even 
though its resources may seem insufficient. 
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PAL device buries registers, 
brings state machines to life 


Om Agrawal and Kapil Shankar 


Advanced Micro Devices inc., 904 Thompson PI., P.O. Box 3453, Sunnyvale, CA 94088; (408) 732.2400. 


Designers who build state machines from pro- 
grammable logic devices (PLDs) must develop 
good juggling skills. The job usually takes a careful 
balancing of the I/O pins, the product terms, and 
the registers that store states and output bits. But 
because these resources all are limited in a PLD, 
performance and compactness often have to be sac- 

rificed in favor of the desired function. 
Ideally, state-machine designers need a PLD 
with buried, or internal, state registers, compact 
packaging and high 


first two attributes are common among PAL de- 
vices, the third has always presented problems. The | 
23S8 is the first chip whose product-term array 
makes the buried state registers observable. 

Of the other eight registers, four serve in output 
logic macrocells and four store output states. Each 
macrocell contains three main blocks (Fig. 2). One 
block is the register, a rising-edge—triggered flip- - 
flop sharing asynchronous reset and synchronous 
preset inputs with all the other flip-flops. The other 
two blocks are multiplexers, one of them selecting 


ESA speed. Buried registers from one of four output paths, the other from one of 

Housed ina 20-pin free valuable I/O pins; a two feedback paths. 

DIP. the smallest PAL small package saves The logic chip is small, fast, and easy to program. 
ae precious board space; Packaged in a 0.3-in. DIP, it is half the width of 

device fo date for and high operating 28- and 40-pin PAL and PLA type devices. More- 

building state ma- speed speaks for itself. over, it comes in 33- and 28.5-MHz versions, with 


Chines sports registers 
that save I/O pins, yet 
it is easy to fest. 


' Approaching the 
ideal is the AmPAL- 
2388, the first 20-pin 
programmable array 


propagation delays of 20 and 25 ns, respectively. 
The faster version is an ideal companion for new 
8-MHz, 16-bit microprocessors, as well as for 
16-MHz, 32-bit units. Even at 28.5 MHz, the new 


logic (PAL) device de- 
signed specifically for building state machines and 
sequencers, Its architecture is more flexible than 
any 24- or 28-pin PAL device or programmable 
logic array (PLA). For example, it has 14 edge- 
triggered, D-type flip-flops (Fig. 1). That alone 
compares favorably with 24-pin bipolar PAL de- 
vices, which have up to 10 registers, and with 24- 
and 28-pin PLAs, which have 12 to 14 registers. 
Only 40-pin PAL devices with 16 registers surpass 
the new chip. 

As significant is the fact that of the chip’s regis- 
ters, six hold buried state bits. By definition, the 
buried registers do not merely free I/O pins: In- 
deed, they actually enhance the chip’s value as a 
state machine. Driven by the chip’s AND-OR 
~ array the buried state registers, along with the eight 
registers dedicated to I/O pins, make possible a 
wide range of states and outputs. 

Moreover, the buried state bits can be easily 
accessed, controlled, and observed. Although the 


Gas 
| registers 


chip is faster than existing bipolar PLA-based se- 
quencers, which operate from 20 to 25 MHz. It also 
beats equivalent-density PAL devices operating at 
or below 25 MHz. 

Programming takes place by blowing reliable 
and fast platinum silicide fuses, and using available 
software packages. Like all PAL devices, the 23S8’s 
fusible AND-OR array is a direct measure of its 
capability. With 6200 fuses, it is three to six times 
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the size of standard 20-pin bipolar PAL devices. In fact, it 
is larger than all other bipolar PLDs except for the 40-pin 
chips, which are three to four times as large and have 
some 8000 fuses. The new chip’s fuse array handles all 14 
registers, with 6 to 12 logic products for each output, and 
up to 23 inputs—9 of them dedicated, 8 for feedback, and 
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4. The AMPAL23S8 is the first 20-pin PAL device de- 
signed specifically for building state machines 
and sequencers. It contains 14 registers, 6 of 
them buried and requiring no I/O pins, 4 dedi- 
cated to output macrocells, and 4 storing output 
bits. The states of the buried registers are easily 
observed, which simplifies debugging. 
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6 for the buried states. 

The number and distribution of the chip’s product 
terms are two other measures of its capability. It has alto- 
gether 135 product terms for logic and control functions. 
Moreover, the AND array that drives the 14 flip-flops is 
variably distributed (see the table, p. 101). 

The distribution of the 124 logic product terms helps 
adapt the chip to system requirements, while optimizing 
its internal resources. (Of the 11 other terms, 8 control 
output, the remaining 3 control preset, reset, and observ- 
ability, respectively.) For additional flexibility in de- 
signing powerful state machines, the chip can trade off the 
product terms of its buried registers. 


OBSERVABILITY CLOSE UP 


The chip’s observable product term is generated by the 
AND-OR array, along with an ability to preload the 
buried registers. Observability helps check a buried regis- 
ter’s state, so that a designer can monitor any register dur- 
ing debugging. 

Under control either of a single pin or of a combination 
of six input signals, the observable product term drives a 
set of inverting buffers. In normal operation, the buffers 
also serve the four dedicated output registers and two of 
the four macrocells. When activated, therefore, the ob- 
servable product term disables signal flow from those reg- 
isters and macrocells and simultaneously connects the six 
buried registers to their respective I/O pins. 

Flexibility in configuring a state machine derives from 
the independent control of output and feedback multi- 
plexers. Each output macrocell has three fuses, two to 
determine the output path and one the feedback path. The 
fuses can configure the macrocells in eight ways: a combi- 
natorial or a registered output with either an I/O pin or a 
registered feedback. Each of those four variations offers 
either active high or active low outputs. 

In the output path, fuse S, determines whether the out- 
put is active high or active low. The output-nature fuse, 
S2, selects sequential or combinatorial operation. When 
both of those fuses are intact, a flip-flop’s Q pin passes 
through an inverting buffer, making the output active low 
and registered. | 

On the other hand, programming or blowing S, renders 
the output term active high; blowing S. causes the output 
to bypass the register, making it combinatorial. A combi- 
natorial output with feedback can, moreover, provide 
more than one level of ORing logic. Finally, fuse S; con- 
trols the feedback path, sending either the flip-flop’s Q 
output or the I/O pin back into the array. 

Controlling each output’s enable line through a prod- 
uct term from the AND array creates further options by 
transforming an I/O into a dedicated input, a dedicated 
output, or a dynamically controlled I/O pin. A designer 
can thus adjust the number of input and output pins, and 
have the dynamic I/O capability required by most buses. 
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Each output enable product term is further associated 
with an individual polarity fuse. This polarity fuse allows 
designers to modify a control signal to enable outputs us- 
ing De Morgan’s theorem, which is especially useful for 
bus control applications. 
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2. Each programmable macrocell has three main 
blocks: a rising-edge-triggered D-type flip-flop, 
an output multiplexer, and a feedback multi- 
plexer. The output multiplexer selects from one of 
four output sources; the feedback multiplexer 
feeds either an |/O pin or the flip-flop’s Q output 
into the programmable AND-OR array. 
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3. Two 23S8s lie at the heart of an advanced dynamic RAM controller that 
compares well in its data-transfer features—such as dynamic bus sizing and 
handling misaligned data-—with recent 32-bit microprocessors. One of the two 
main PAL devices controls the timing and arbitration of the memory cycles; 


the other sizes and aligns data transfers. 
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The chip’s high speed and buried state registers make it 
an ideal foundation for a flexible and fast dynamic RAM. 
controller that meets the complex requirements of the lat- 
est microprocessors. Even at a 16-MHz processor clock 
rate it can become a controller with few or no wait states 
that might otherwise have to be built from scratch. 

There is, for example, no ready-made controller that 
can take advantage of dynamic bus sizing—the auto- . 
matic adjustment to the amount of data movable in one 
bus cycle. Nor can any off-the-shelf unit handle misal- 
igned data, that is, when an operand falls outside its 
proper memory boundaries. Bus sizing and data align- 
ment are features of the recently arrived Motorola 68020 
and the Intel 80386, both 32-bit microprocessors. But a 
controller able to perform the two functions can be built 
around two 23S8s, one for timing and arbitration logic 
and the other for data sizing and alignment (Fig. 3). 

The timing and arbitration chip arbitrates among 
present, refresh, and CPU cycles; executes read or write, 
read-modify-write, and refresh cycles; and asserts inter- 
face signals. The chip first arbitrates between the proces- 
sor’s Memory Request (MREQ) and Refresh Request 
(RFCLK) signals. It gives priority to the cycle currently 
being executed, follows this with the refresh cycle, and 
concludes with the processor cycle. Both intermittent and 
burst-mode refresh schemes are therefore possible. 

The design’s timing relationships and arbitration re- 
quirements define a state-machine diagram (Fig. 4). The 

actual state machine 
employs five of the six 
available buried regis- 
_ ters. The sixth register 
is a flag and so acts as a 
small, independent state 
machine. Either of two 
software packages— 
Cup! from Personal 
CAD Systems Inc.’s 
Assisted Technology 
Division (San Jose, 
Calif.) or Abel from 
Data I/O Corp. (Red- 
mond, Wash.)—easily 
describes the state oper- 
ations. (Cupl is the lan- 
guage used in this par- 
ticular example.) 
No arbitration takes 
_ place during the exe- 
cution of a cycle, which 
is indicated by a state 
other than 0. The tim- 
ing and arbitration chip — 
stores any refresh re- 
quest and responds to it 
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later, continuing to follow the current cycle through its 
various states. Thus the current state automatically takes 
priority, and no other cycle is started until the current one 
is complete. 

At the end of the cycle, at state 0, the timing and arbi- 
tration chip arbitrates between MREQ (a CPU cycle) 
and RFCLK. In the small independent state machine, 
the buried register flag, Bs, latches RFCLK, which may 
last no longer than one clock cycle. When RFCLK is 
high, B; toggles to state 1 and stays there until the refresh 
cycle is executed. Then it toggles back to state 0 to be 
ready for the next RFCLK. 


During refresh cycles, the timing and arbitration chip | 


asserts the Refresh signal (RFSH), which supplies the re- 
freshed row address to the memory address bus. The chip 
also generates the Row and Column Address Enable 
Lines, ROWADD and COLADD, which multiplex ad- 
dresses onto the memory bus. At state 16, the chip re- 
moves ROWADD and asserts RFSH; state 17 asserts the 
Row Address Strobe signal (RAS) and refreshes all 
memory banks before removing RAS and RFSH. Re- 
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4. A state diagram for the timing and arbitration chip reflects its oper- 
ation for selecting and orchestrating the memory cycles. The chip 
waits in state 0 to handle either a processor cycle or a refresh cycle; 
the latter takes priority over any but a cycle currently in progress. The 
chip performs refresh, read, write, and read-modify-write cycles. 
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RAS, RFSH, ROWADD 


Note: When signal designations appear 
above and below a line, the upper indicates 
inputs and the lower, outputs. 


moving RFSH increments an external 10-bit refresh-row- 
address counter (AmPAL22V 10) to the next row. 

If no refresh request is pending during state 0 and 
MREQ is asserted, a processor cycle begins and the ma- 
chine jumps to state 1. Otherwise the machine stays in 
state 0 and polls for either a refresh or processor cycle. 

The PAL chip responds to the processor’s signal RMC 
to execute a read, a write, or a read-modify-write cycle, 
with the internal registers controlling timing for the dif- 
ferent cycles. If, for instance, the memory consists of 
4 Mwords, organized as four equal banks of 32-bit words, 
the chip asserts a RAS signal for each bank—RASp 
through RAS3. 

The strobe signal being asserted depends on address- 
select signals ADSEL, and ADSEL,, which in most sys- 
tems are the high bits of the processor’s address bus. After 
asserting the proper strobe, the machine jumps to state 2 
to manipulate the address-handling signals. For instance, 
to multiplex addresses, ROWADD and COLADD are 
again asserted. 

In state 2, the timing and arbitration chip removes 
ROWADD and asserts COL- 
ADD, along with SIG, the refer- 
ence that tells the data-sizing and 
alignment chip that a processor cy- 
cle is in progress. SIG syn- 
chronizes the two 23S8s and in- 
structs the data-sizing and 
alignment PAL to send a column- 
address strobe (CAS) to memory. 

The state machine remains in 
state 2 for an extra-cycle, and then 
moves to state 4 to allow time to ac- 
cess the data. There it decides, 
based on processor signal RMC, 
whether to execute a read, a write, 
or a read-modify-write cycle. Be- 
fore completing a read or write ac- 
cess, the timing and arbitration 
chip removes RAS and waits for 
one more cycle to allow for the 
RAS precharge time. Simulta- 
neously, it switches hack ta ROW. 
ADD from COLADD in prepara- 
tion for the next processor cycle, 
and disables SIG. 

When the RMC signal requests 
a read-modify-write cycle, the 
timing and arbitration chip auto- 
matically lengthens the cycle. It 
holds RAS until DSACK and WE 
signals have been asserted, and 
only then completes the cycle. 

The data-sizing and alignment 
chip works only during a CPU cy- 





Refresh cycle 












3-345 


DESIGN ENTRY = State-machine PLD 


cle. It creates WE for the write and read-modify-write cy- 
cles, and it accepts SIG, which synchronizes the chip’s 
different states (Fig. 5) with those of the timing and 
arbitration chip. . | 

Four of the data-sizing and alignment chip’s buried 
state registers generate its state-machine function. The 
machine starts polling in state 0 and stays there until it re- 
ceives SIG, the start of a processor cycle. 

The 68020 has a 32-bit maximum data width and a 
data bus divided into four byte-wide segments, each inde- 
pendently controlled by a CAS signal from the data- 
sizing and alignment chip. The processor can therefore 
read and write byte-wide data over any segment. | 

The four CAS signals, CAS, to CASs, strobe the col- 
umn address from the high- to low-order memory bytes. 
The signals also allow the microprocessor to read and 
write across the low-low, low-middle, high-middle, and 
high-high bytes of a 32-bit data port. The data-sizing and 
alignment chip must assert all four CAS signals for a 
32-bit port; only CAS, and CAS, are needed to supply a 
16-bit port’s low- and high-byte strobes; while for an 8-bit 
port, CAS; is enough. 






5. The data-sizing and alignment chip works only 
during a processor cycle and waits In state 0 until 
one is requested. if the processor calls for a read 
or a write cycle, the chip asserts DSACK, CAS, 
and, for a write cycle, WE. For a read-modify-write 
cycle, It asserts two DSACK signals, one each for 
the read and write segments. 
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The data-sizing and alignment chip asserts the CAS 
signals in state 1, and selects them according to the size of 
the port in use, the width of the data being moved, and 
how the data aligns with the port. Coding on input pins 
PRT, and PRT, shows the port size; signals SIZ) and 
SIZ, from the microprocessor show data width; and the 
microprocessor’s least-significant address bits, Aj and 
A,, give the alignment. 


THE PROCESSORS PREFERENCE 


The size of the port dictates the amount of data that can 
be transferred in any one cycle. Based on the PRT signals 
the state machine asserts DSACK signals, which ac- 
knowledge the CPU and tell it how much data it can 
move, since it will always try to move as much as possible. 
The state machine synchronizes the acknowledgment 
timing, asserts the required CAS signais, and holds them 
until the read, write, or read-modify-write cycle is com- 
plete. 

A read cycie’s DSACK signal is asserted in state | and 
remains until the end of the cycle at state 4. A write cycle 
is identical, except for the additional WE signal. But a 
read-modify-write cycle requires two DSACK signals, 
one for reading, the other for writing. The first DSACK is 


the same as that for a read or a write cycle; the second 


DSACK occurs in state 8 and remains until state 11, with 
a delayed WE asserted in state 8 by an internal 4-bit 
counter.Q 
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EXPANDS OPTIONS IN 





SYSTEM DESIGN 


Chip designers are creating powerful CPUs and peripherals 
with 16- and 32-bit parts. Mixing these with 8-bit parts 
overcomes limitations imposed by established designs, 
incomplete families, and software incompatibility. 


by Mark S. Young and 
James R. Williamson 


Integrating. 16- and 32-bit peripherals and CPUs 
into 8-bit designs, at the simplest level, means 
separating the control and data paths from new 
peripherals and the systems. Mixing different data 
path widths and control protocols, however, makes 
possible major improvements in function, perfor- 
mance, and cost. 

The price/performance curve of VLSI chips, for 
example, allows designers to obtain more and bet- 
ter functions for the same amount of money every 
year. Alternately, the functionality of a device can 
remain constant while the price falls. 

Moreover, these new devices with wider data paths 
can extend the life of older designs. For example, 
many of the most popular personal computers today 
use the 8088 microprocessor and, therefore, are con- 
strained to an 8-bit data path. Designers of add-on 
accessories for these personal computers prefer the 





Mark S. Young is a product planning engineer at 
Advanced Micro Devices, Inc (Sunnyvale, Calif). He 
holds a BA in computer science from the University 
of California at Berkeley. 


James R. Williamson ts an applications engineer at 
AMD. He holds a BS in electrical engineering from 
the California State Polytechnic University, Pomona. 


newer 16-bit peripherals. These peripherals will let 
users preserve their software investments, improve 
performance, and stave off obsolescence. _ 

Mixing different data path widths can also enhance 
new designs. For example, it is less expensive to use 
an 8-bit bus in a new design because the memory 
requirements are generally cheaper. Only half as 
many dynamic RAMs are necessary for the same 
number of kilobytes of memory. In addition, an 
8-bit bus needs much less control and support logic. 
Designers can mix smaller data path peripherals with 
wider data path CPUs. This allows them to introduce 
systems based on the newer, more powerful 32-bit 
CPUs even before 32-bit peripherals are available. 

Designers can use this mixing method to obtain 
wider data paths from existing designs until a new 
system design is warranted. They can also use parts 
in unexpected applications. For example, cost- 
conscious terminal manufacturers might want to use 
the Am8052/8152A chip set (the 8052 is an advanced 
CRT controller and the 8152A is a video system con- 
troller) in new terminals based on the relatively 
inexpensive 8051 microprocessor. Mixing the 8-bit, 
single-chip microprocessor with the 16-bit CRT con- 
troller allows designers to maximize the cost/perfor- 
mance ratio of the terminal. 

Mixed data path widths can improve bus utiliza- 
tion as well. A 16-bit peripheral in a 32-bit system 
only occupies half the data bus for data transfers. 
If the designer mixes the data paths correctly, how- 
ever, the 16-bit peripheral could transfer data as 
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AS =] + 
CS =) + 


~MRDY = WAIT UNTIL PERIPERHAL TAKES BUS 


MAKE SURE MEMORY ACKNOWLEDGE 1S. 


“AS m0 RW te MROY = Q | NOT ASSERTED 


READ IN UPPER BYTE. AQ = J. 
. WAIT FOR MEMORY ACKNOWLEDGE 
ISSUE RO STROBE 


WAIT FOR MEMORY ACKNOWLEDGE 
10 GO AWAY 


READ IN THE LOWER BYIL. AD = 0 
WAHT FOR MEMORY ACKNOWI EDGE 
ISSUE RD STROBE 


DS = 0 he be : 
4 STROBE IN DATA 10 PERIPHERAL 
~ DY ASSERT WAI 

WAIT FOR SUCCESSFUL READ (DS) 


The state flow contro! diagram for a bus master read 
operation illustrates the control sequence employed 
by the 8/16-bit bus control logic. 





32-bit chunks and improve bus efficiency by 100 per- 
cent for that peripheral. 

Two central concerns stem from mixing devices 
that communicate over different-sized buses. The 
first problem results when two devices communicate 
on a ‘‘common’’ data bus. Consider, for example, 
a 32-bit system utilizing 8- and 16-bit peripherals. 
Overcoming the mismatched data paths requires 
some form of controlled multiplexing/demultiplexing 
of the different data paths. In addition, extra con- 
trol signals for partitioning the 32-bit word into 8-, 
16-, and 32-bit chunks may be required. 

Many 16-bit CPU-based systems that use 8-bit 
peripherals normally use just the lower 8 bits of the 
data bus to transfer data to and from the peripheral. 
This method does not work in systems using 16-bit 
peripherals and 8-bit CPUs, however, and it tends 
to break down in systems with 8-bit peripherals hav- 
ing bus master capability. 

A bus multiplexing method involves multiple 
transfers when taking data from or adding data to 
a mismatched data bus. For example, before a 16-bit 
peripheral can transfer data over an 8-bit bus, the 
16-bit data must be divided into two 8-bit. chunks. 
It is then transferred sequentially. First, the lower 
8 bits are transferred out on the bus. Then, in the 
next transfer cycle, the upper 8 bits of the 16-bit 
word are sent out. The major difference in the oppo- 
site case—a bus read operation from an 8-bit bus 
to a 16-bit device—is that the first byte read from 
the system must be latched. Once the second byte 
has been fetched, the 16-bit peripheral reads in the 
assembled 16-bit (2-byte) word. Additional provi- 
sions may be needed when the 16-bit peripheral only 
wants to access a single byte. 


The other major problem in mixed data path 
transfers is the actual data read/write operation. The 
nature of the multiple transfer forces designers to 
guarantee that the stretched transfer will occur and 
that it will not be interrupted. Two aspects of stretch- 
ing the transfer cycle from or to the peripheral illus- 
trate the complexity of this problem. 

The first case, when the peripheral is the bus 
master, is the simplest. A 16-bit peripheral holds its 
data available for what normally would be two com- 
plete bus transfer cycles. This function can be per- 
formed when the transfer acknowledge signal to the 


_ peripheral is delayed. If the data was latched instead 


of holding the peripheral in a multiple word transfer, 
however, the device could try to send the next 16-bit 
data word and its ‘‘new’’ address. The procedure 
of latching the data and releasing the peripheral 
should not be used, therefore, because it may inter- 
fere with the addressing of the remaining (pending) 
8-bit transfer. . | 

Whenever a device acts as a bus slave to a CPU 
that cannot access the device’s natural word width 
in a single operation, a different constraint appears. 
The sequence must be set up so the peripheral cannot 
obtain the bus while the CPU is in the middle of a 
slave read/write operation. In a typical system, the 
CPU is the last device in the interrupt queue. It is 
possible for the peripheral to become bus master 
between the first and second read operations and in- 
validate the results of the first read operation in a 
realtime system. This is because an 8-bit CPU would 
have to perform two consecutive read operations to 
examine a 16-bit peripheral control register. 

This function can be handled two different ways. 
If the CPU has a bus lock instruction, as in the iAPX 


family of CPUs, the programmer must use one of 


these instructions before the CPU accesses the 
peripheral. Alternately, the CPU needs to disable 
the arbitration logic while it is performing the unin- 
terruptible access with the 16-bit peripheral. 


Crucial cycle 

The uninterruptible word transfer cycle is crucial 
for maintaining the integrity of the data transferred. 
When either the CPU or a peripheral on the bus 
makes an access using the 8/16-bit control logic, it 
must complete the larger device’s word access before 
relinquishing the bus. If. this requirement is not met, 
a transfer’s integrity can be violated easily by some 
other device. This interrupts the transfer, and cor- 
rupts or aborts the multiplexing sequence. 

To illustrate this point, consider a system consist- 
ing of an 8-bit CPU and several 8- and 16-bit periph- 
erals. Assume one of the peripherals is executing a 
block transfer of 16-bit data onto the 8-bit bus. If 
the CPU interrupted the transfer in order to poll the 
peripheral during a half-word transfer, two undesir- 
able events would occur. Either the multiplexing 
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sequence would be damaged irreparably when the 
CPU polled the peripheral, or the CPU would read 
garbage from the peripheral. 

Designing the control interface to allow mixing 
of 8- and 16-bit peripherals requires attention to the 
data and control flow. During a write operation, the 
data is written out sequentially: the lower byte comes 
before the upper byte (or vice versa). The read oper- 
ation differs only because the data bus is 8 bits and 
because it forgets the last byte transferred; it knows 
the current byte only. Hence, the interface requires 
that one of the bytes be latched until the full 16-bit 
word has been assembled. 

The slave mode of operation works almost the 
same as the peripheral bus master mode. The single 
exception is the slave write operation. When the 
interface is defined, the designer must make a con- 
scious choice about which byte (upper or lower) to 
latch during peripheral read operations (or con- 
versely, slave peripheral write operations). Once this 
decision has been made, the CPU must always access 
the latched data byte first (during a slave write) and 
then access the non-latched byte to complete the 
transfer. This restriction is minor, requiring no extra 
software overhead. It could affect the ease of the 
programmer’s coding if not handled properly, how- 
ever. For example, if the programmer used a com- 
piler to generate the software for the system, extra 
care may be necessary to ensure the compiler gener- 
ates the correct addressing sequence. 

An alternative solution would be to latch both the 
upper and lower data bytes. In this case, however, 
the cost of the interface would increase, as would 
the complexity, with no appreciable gain. The con- 
trol flow in these designs derives from two differ- 


STATE FLOW EQUIVALENTS S0 
CLU; 


ASg052 in oo 


053051 


UPPER BYTE TRANSFER 


ent sources: the state control flow itself and the 16-bit 
peripheral interfacing with the 8-bit bus. A state dia- 
gram can be used to specify how uninterrupted word 
transfers will occur and how the upper and lower 
byte address is generated. 

In addition, the specific bus timing of the periph- 
eral and the data bus must be examined to quantify 
the state control flow. These timing specifics also 
provide information on data latching, read/write 
control strobes, and addressing to and from the 
peripheral. The state control flow is divided into four 
operations: bus master read, bus master write, slave 
read, and slave write. 

For a bus master read/write operation from a 
16-bit peripheral device operating on an 8-bit bus, 
four control signals must be generated by the 
8/16-bit control unit: address bit 0 (AO), peripheral 
hold (WAIT), bus read (RD), and bus write (WR). 
The AO line is generated by the 8/16-bit control logic 
to indicate which byte is to be transferred in bus 
master modes only. Otherwise, the AO generated by 
the system is used to indicate which byte is being 
accessed. The WAIT line holds up the peripheral 
during transfers. The RD and WR lines are required 
to indicate successive transfer cycles on the bus. 





Hidden transfers 

The peripheral’s signals will only strobe active 
once because it does not know that two transfers are 
being executed. The slave transfer flows are almost 
identical, except the CPU is generating the bus sig- 
nals and the transfer directions are reversed (ie, a 
bus write goes into the peripheral). 

For this 16- to 8-bit data flow example, the data 
on the upper byte only needs to be latched when data 


In addition to a state flow 
diagram, a timing diagram 
can be used vo describe such 
data read/write operations as 
a master bus read. 


si nt at >- Cini) ——— 
CPs eg ence MI Oe ee 
Wo wee ee 





3-349 

















| The 16- to 32-bit conversation logic diagram indicates 
; the complexity of bus and funnel logic control. It 

; must convert between different signal conventions 

| and polarities ay well as generate extra functions and 
bus arbitration control signals. 





is being read (as bus master) or written (as a bus 
slave). An interface to handle this operation needs 
to latch data coming from the 8-bit data bus into 
the peripheral, it also needs to act as transceiver 
when the peripheral is sending data out to the system. 
A device with a clocked, tri-state output that has an 
8-bit wide latch in one direction and a tri-state trans- 
ceiver in the other direction would be ideal for 
accomplishing such an interface. 

The Am2982 8-bit bidirectional I/O port provides 
a good enough match to the logic and allows the 
upper data bus latch and upper data transceiver chips 
to be combined on one IC. It provides two 8-bit 
clocked I/O ports, each with tri-state output con- 
trols and individual clocks and latch enables. An 
Am2949 bidirectional bus transceiver completes the 
logic required for the data path function. | 

The state flow control requires logic that can move 
sequentially from state to state, hold in a particular 
state, and be reset or initialized back to a predefined 
state. Depending on the number of states required 
(generally less than 16 distinct states for a design of 
this complexity), a 3- or 4-bit counter should be able 
to solve the problem nicely. 

Considerable bus control logic is required to gen- 
erate the data path flow logic and the bus control 
signals. This is especially true if the peripherals and 
CPUs use different signal conventions (eg, when AS, 
DS, and R/W use address latch enable, RD, and 
WR). Conversion from one signal convention to 





another, changes in signal polarity, and provision 
for extra functions (such as generating AO) require 
a lot of logic synthesis ability. If the peripheral has 
bus master capability, such additional information 
as bus arbitration controls must be fed into the next 
state determination logic in order to decide what con- 
trol sequence to follow. 


Customized interface minimizes cost 

An 8/16-bit control interface between the Am8052 
CRT controller and an 8-bit CPU provides a good 
example of how customizing a general interface can 
reduce costs. (The CRT controller is designed with 


a 16-bit data interface.) The onboard DMA unit 


fetches data from system memory:and the CPU polls 
the CRT-coniroller’s internal status and control 
registers. Because the CRT controller does not 
modify system memory, however, a bus master write 
Operation is unnecessary. Thus, there is no reason 
to generate a system write control signal (WR). 

In addition, the control and display information 
must be aligned on word boundaries. This require- 
ment relieves the 8/16-bit control logic from funneling 
the bytes and performing odd/even byte transfers. 
It also saves control inputs from the CRT controller 
because all transfers are words; that is, no need 
exists for upper and lower data strobes or byte high 
enable inputs. 

The bus master read operations are standard 16-bit 
data transfers divided into two 8-bit transfers. The 
CPU’s slave accesses are either pointer writes (to 
select the desired control/status register) or 16-bit 
data read/write operations. (Pointer write operations 


The state machine and the bus and latch controls 
have to be coupled in order to transfer data between 
the 8- and 16-bit buses. This generalized machine is 
designed with the assumption that the peripheral has 
bus master capability. If this is not the case, the 
design can be greatly simplified. 
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are actually 8-bit operations because only the lower 
8 bits of the data form the register address.) The bus 
master read operation can be represented by a state 
flow diagram or a timing diagram. Conceptually, 
state flow diagrams are easier to understand, but tim- 
ing diagrams usually convey more information. 
Other state flow diagrams can be derived directly 
from the timing diagrams of the CRT controller to 
8-bit interface. 


Simplifications allow synthesis on one device 

Two special conditions must be met in the state 
machine implemented in the 8/16 interface. First, 
before a new transfer cycle is attempted (when the 
state machine is waiting in the initial state, SO), 
memory acknowledge (MRDY) must be inactive. 
This prevents interference from the last transfer. 

The second special condition occurs when the 
CRT controller asserts the R/W line to indicate a 
write operation. Although the CRT controller does 
not write data into system memory, when it updates 
the upper 8 bits of the 24-bit address latch the R/W 
line indicates a write operation (in conjunction with 
AS). The CRT controller is not actually performing 
a system data write, only an address latch update. 
The state machine, therefore, must not start a bus 
sequence if the R/W line is held active low by the 
CRT controller during a bus master operation. 

These simplifications in design allow the CRT con- 
troller to 8-bit CPU control interface to be synthe- 
sized in a single AmPAL22V10 programmable logic 
array device. In addition, the bus control signals are 


converted from AS, DS, and R/W to RD and WR. 





The minimum CRT controller and bus control sig- | 


nals that must be generated are RD, AO, DS, and 
R/W. Although the CRT controller uses DS and 
R/W as inputs during a bus master operation, the 










The logic for control and 
data transfer between an 
Am8052 and 8-bit CPU has 
the control interface 
implemented in an 
AmPAL22V 10. 














PAL device must convert the CPU RD and WR sig- 
nals to DS and t/W for slave 1/O operations. 

The signals AO and RD are generated by the con- 
trol logic when the CRT controller is performing a 
read access to system. The WAIT (or not READY) 
signal to the CRT controller must also be generated 
by the control logic. The data flow controls require 
six additional controls to load and strobe the latch, 
and to enable transceivers to pass data to and from 
the 8-bit bus. Theoretically, 4 more bits (outputs) 
are required to represent all the control states needed 
to manipulate the 8/16-bit control logic. This means 
the design appears to need 14 output logic units in 
a PAL device to perform the required task. 

Reducing the 14 output cells to the 10 cells avail- 
able in the PAL device requires a closer look at the 
timing and output switching functions. The AO and 
RD control lines are in effect part of the system bus 
control and, therefore, cannot be multiplexed easily. 
The DS and R/W lines to the CRT controller are 
also fixed because they must be valid throughout the 
entire transfer cycle as well. 

This leaves 6 of the 10 output logic cells of the 
PAL device to represent the remaining 10 identified 
control lines. This method of minimization involves 
careful state synthesis, analysis of ile siziial switcri- 
ing functions during the transfers, and utilization 
of several control pins on the CRT controller. By 
using the BREQ, BACKI, BACKO, CS, and C/D 
inputs to the PAL device, we can reduce the num- 
ber of unique states required to 8 instead of 15. This 
reduces the number of logic cells required for the 
state machine from 4 to 3 bits. 

At this stage, the design requires seven control sig- 
nals to manipulate the data transfer registers and 
WAIT line. The two latch enables (CEs and CDp) 
on the Am2952 bidirectional I/O port can be 
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permanently enabled. By controlling the clock signal 
to the latches, the controls required for three pins 
can be reduced to one. The interface control state 


machine will only use the correct side of the dual | 


latches on the bidirectional I/O port. 

The Am8052 CRT controller helps considerably 
with its own control bus interface. Two signals 
provided by the CRT controller, TBEN and RBEN, 
switch the data transceivers in the correct direction 
regardless of the type of data transfer (as a bus 
master or bus slave). When the controller is a bus 
master performing a read operation, or when it is 
a bus slave undergoing a write operation, therefore, 
the RBEN signal is strobed to obtain the correct 
polarity. By using this line, two of the. remaining 
six control lines can be eliminated (REN on the 
Am2949 and OEas on the Am2952). Although the 
TBEN line performs a similar function, it does not 
function correctly in a 16- to 8-bit multiplexed 
bus environment. 

Two of the remaining control lines (OE,s on the 
Am2952 and 10 on the bidirectional bus transceiver) 
must be generated by individual cells in the PAL 
device. The two clock enables on the Am295S2 are 
permanently enabled. The two Am2952 clocks are 
tied together to minimize the amount of logic re- 
quired in the PAL device used to generate clock 
strobes to the latches. | 

This leaves the design with three logic cells and 
four output functions (the WAIT line to the CRT 
controller and the’3 state bits). Careful analysis of 








the state flows and timing diagrams indicates that 
the WAIT line is only asserted in 4 of the 8 states. 
A clever assignment of state numbers to the state 
flow sequence allows the WAIT line to be absorbed 
into the 3 state encoding bits. The logic equations 
for the AmMPAL22V10 device can be derived directly 
from the timing diagrams. | 

An unusual problem might occur when a periph- 
eral device operates as a bus slave on a smaller data 
bus, such as a 16-bit peripheral to 8-bit CPU. During 
the first slave write operation, the chip select CS is 
enabled by the bus master making the access. No 
actual data—just the data latch—is strobed into the 
peripheral, however. After the first byte of data has 
been written, the second access causes the full 16-bit 
data to be strobed into the peripheral. 

If the designer is using a common CS function to 
both the peripheral and the 8/16-bit control logic, 
the controller logic must be designed not to glitch 
or strobe any of the control lines to the peripheral 
(it must prevent DS, R/W from being enabled, for 
example). For some peripheral devices, glitches on 
the control lines might cause the register to be written 
accidentally onto a register that will be overwritten 
in the next write cycle anyway. With other periph- 
erals this might be a catastrophic event. Many 
devices acting as bus slaves have write recovery time 
requirements (ie, a certain minimum interval between 
consecutive write operations). Glitches on the con- 
trol lines might force the next (and final) write oper- 
ation to be delayed—or cause a violation of the 






































The data bus and control 
interface between an 8-bit 
8088 CPU and a 16-bit 
Am9516 DMA controller uses 
an AmPAL22V10 for 
control, and a 74LS161 for 
state sequencing along with 

a bidirectional I/O port 

and transceiver. 
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device specifications. Glitches might evade any spe- 
cial addressing/register accessing scheme used in the 
peripheral. This might occur, for example, if the 
slave device requires the user to write the address 
of the register that was accessed immediately before 
the register was written. In this case, glitches or use- 
less control strobes could wreck the sequence. 

The problem can also be solved by using two lines. 
In this solution, one of the lines would go to the 
peripheral device and the other would connect to the 
8/16-bit controller. The chip select to the peripheral 
is activated each time a slave read occurs (for both 
upper and lower byte accesses), or when a slave write 
Operation occurs and the unlatched 8-bit data is 
being written. The chip select function to the 8/16-bit 
controller is chosen each time the peripheral is 
selected normally (for slave read/writes on both 
upper and lower 8-bit data transfers). This problem 
is bypassed completely when two separate chip select 
functions are used: one for loading up the Am2952 
latch during a slave write/read and one to strobe the 
Am8052 controller into action when it is needed by 
the 8-bit CPU. 


Bus conversion maximizes flexibility 

A data bus and control interface to an 8088 8-bit 
microprocessor and Am9516 16-bit DMA controller 
can be created using four devices: an AMPAL22V10 
for the control block, a 74LS161 counter for the state 
sequencer, an Am2952 bidirectional I/O port, and 
an Am2949 bidirectional transceiver. 

This design incorporates certain simplifications. 
The DMA controller requires word accesses only 
during command chaining and for slave register ac- 
cesses. The 8/16-bit data transfer interface for bus 
master operations (ie, DMA data transfer functions) 
is handled automatically as a programmable option. 
During slave write operations, the first byte output 
to the DMA controller must have an odd address 
and the following second byte an even address. Con- 
versely, during a slave read cycle, the first byte read 
from the DMA controller must be at an even address 
and the second at the next higher odd address. 

Furthermore, for bus master operations, the sys- 
tem must use the latched address line AO (LAO) from 
the AMPAL22V10 as its sole AO. Because the logic 
is already available, the system does not have to pro- 
vide this function. LAO now becomes the system ad- 
dress bit O with full 24-mA drive capability. 

Deciding on a means for controlling the funneling 
of the data stream—that is, transforming 16-bit data 
into 8-bit data and vice versa—was the first step in 
deriving this example. As mentioned earlier, simply 
dividing each 16-bit access into two 8-bit data trans- 
fer cycles presents one way of doing this. On out- 
going accesses (16-bit path from the DMA controller) 
during the first cycle, the upper half of the 16-bit 
path is latched while the lower half passes through 
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PIN 


BEGIN 


This section defines the wiggles when the Am9516 is bus master 


This section defines the wiggels when the 8088 is bus master 


END. 


This PLPL file implements an interface between the 
8-bit 8088 and the 16-bit Am9516. 


/RD 
/WR 
LAO 
/DS 
/RW 
/WAIT 
/A 

/B 

IC 

/D 
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Hunt bu wu tt 
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IF (RESET) THEN ARESET( ); 


IF 
IF 


END; 
IF 


END; 


BEGIN 
LAO= 
B= 
A 
DS 
C 
0D = 
END; 


(HLDA) THEN ENABLE( ); 
(/S[2] * HLDA) THEN BEGIN 
IF (S[1] * /S[O}) THEN 
LAO = /CK * BW + /BW * AO * 


ALE + / BW * LAO * /ALE ; 


ELSE 
LAQ = = BW + /BW * AO * 
ALE + /BW * LAO * /ALE 


(HLDA) THEN 
(CASE) (S[2:0}) 

BEGIN 
1) BEGIN 
RD = /RW* DS 
A = /BW * /RW * /CK 
WR = /BW * RW * DS 
C = /BW * RW 
WAIT = 1 

END; 
2) BEGIN 
RD = /RW * DS 
B = BW 
A = /BW* /RW 
WR = /BW * RW * DS 
C = /BW * RW 
WAIT = /BW 

END; 
3) BEGIN 
RD = /RW* DS *B 
B = BW* CK 
A = /BW* RO 
WR = /BW * RW * DS 
C = /BW* RW 
WAIT = BW 

END; 
5) BEGIN 
RD = /RW* DS 
A = /BW * /CK 
WAIT = BW 

END; 
6) BEGIN 
RD = /RW* DS 
A = /BW 

END; 
7) BEGIN 
RD = /RW* DS 
r = /KD 

END; 


AO * ALE * SEL + LAO * /ALE * SEL 
LAO * WR * SEL 

/LAO * WR * SEL 

A + /LAO * RD * SEL 

/LAO * RD * SEL 

LAO * RD * SEL 


mw we we we we 


wee we we 
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Programming the PAL and the counter 


In writing the Programming Language for Program- 
mabie Logic (PLPL) file to control the operation of 
the AmPAL22V10 and the 74LS161 counter, the 
inputs to the PAL device from the counter are as- 
signed SO, $1, and S2, respectively: Then, it is pos- 
sible to apply a “sculptured design” technique to 
the entire timing diagram (see figure in Panel, ‘A 
matter of timing”) by using the Case statement from 
PLPL. By assigning combinatorial equations to only 
one binary partition or column at a time (Case), the 
designer can ignore all other aspects of the design 
for the time being and generate simple equations 
directly from the timing waveforms. 

During clock time T1 of the Am9516’s word read 
cycle the state of the 74LS161 (SO, S1, S2) is cleared 
to 000 by the assertion of address latch enable 
(ALE). LAO is the only output control signal from the 
CRT controller asserted during this period. This sig- 
nal is handled as a special case, however. During 
time T2 of the DMA controller's word read cycle, 
the RD and WAIT outputs from the CRT controller 
must be asserted. This time partition corresponds 
to the state inputs S2, $1, SO = 001. Therefore, the 
first Case equations are 


(S[2:0]) 


CASE 
BEGIN 


1) BEGIN 


RD = IRW"DS ; : Transform Control 


; Signals /RW and DS 
; into intel /RD 


WAIT = 1 ; Assert Wait 


; unconditionally 


END; 


During time T2 of the DMA controller's byte read 
cycle, A is the only additional output not already 


a tri-state buffer onto the 8-bit bus. During the sec- 
ond cycle, the tri-state buffer is turned off and the 
previously latched half of the data is driven onto the 
bus. On incoming accesses (8-bit path to 16-bit path), 
the process is reversed. 

The control mechanisms that perform this cycling 
depend on the WAIT and R/W signals passing to 
and from the DMA controller, and on the ability 


to enable or disable the latches and transceivers selec- 


tively. The Am2952 bidirectional I/O port was 
chosen because of its dual registers and its flexible 
control. The AmPAL22V10 device was chosen to 
match the required number of control pins and func- 
tions. Since the complexity of this design requires 
the use of all of the PAL’s I/O pins for control func- 
tions, however, it was necessary to use a 74LS161 
counter to provide the state sequencer function. 


Programming with PLPL 

It has long been the logic designer’s ‘‘art’’ to merge 
the often very different concepts and notations of tim- 
ing information with Boolean logic. Yet, the evolu- 


accounted for in the Case statement. This signal 
allows a byte of data to flow through the bidirec- 
tional bus transceiver into the DMA controller 
during byte read operations. Some additional con- 
straints are placed on this signal, however: it must 
only be asserted in time T2 on byte read operations 
(the B/W input) and it must be delayed by a half 
clock period from the rising edge of T2 (CK signal). - 
Thus the Case statement becomes 


CASE (S[2:0}) 
BEGIN 
1) BEGIN 
RD= /RW*DS : 
A= /BW*/RW*/CK ; enable the 
* receiver 


WAIT = 1 
END; 


_ Finally, by examining the last time T2 elements 
(WR and C) during the DMA controller’s byte write 
cycle, the remaining terms in Case 1 are derived. 
With the exception of LAO, the remaining equations 
were developed in the same fashion. Clearly, this 
“sculptured” technique is a very simple and 
methodical means for arriving at the Boolean re- 
quirements for a logic block. 

As the PLPL listing shows, the signal LAO was 
handled slightly differently from the previously dis- 
cussed method. The number of product terms gen- 
erated via the Case statement made this approach 
necessary. The number exceeded the upper limit 
(16 terms) for a programmable logic array. As a prac- 
tical matter, therefore, it was necessary to optimize 
this signal manually. However, it should be noted 
that this step will not be necessary once the fully 
optimized version of PLPL becomes available. 





tion of a syntax to fully express this art has taken 
a long time. AMD recently developed such a language 
for programming the AmPAL22V10, however. 

‘‘Programming Language for Programmable 
Logic,’’ or PLPL, allows the designer to specify a 
design using multiple input formats. This specifica- 
tion flexibility supports the variety of design 
approaches necessary to express different design 
problems efficiently. These formats range from sim- 
ple sum-of-products Boolean equations to high level 
constructs. PLPL also supports the input specifica- 
tions for many types of AND/OR based devices, in- 
cluding all of the current AMD programmable logic 
array and PROM devices. 

PLPL is block structured, and includes the high 
level language constructs If-Then-Else, Case, and 
For; all familiar to many programmers of the C and 
Pascal languages. Macros, functions, constants, and 
variables may also be used in PLPL. The language 
also facilitates use, clarity, and self-documentation. 

Such current programmable logic technology and 
associated programming languages as PLPL allow 
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A matter of timing 


The complex AMPAL22V 10 design used the accom- 
panying timing diagram to correspond to the 
desired waveforms. They are partitioned by the 
respective binary state (or count) from the counter. 
The desired timing requirements during the 
period when the DMA controller is bus master 
appears below. During time 11, address latch 
enable (ALE) is asserted by the DMA controller to 
denote the beginning of the cycle; a short time later, 
an address is driven onto the bus. This address is 
valid at the falling edge of ALE. The control signal 
LAO (latched AO), therefore, must be valid at this 
time, as well. In this phase of the cycle, it must also 
be high to enable the odd byte from memory to be 
loaded into the bidirectional I/O port. In addition, 
the assertion of ALE performs the function of reset- 
ting the 74LS161 counter to 0000 in order to syn- 
chronize the cycle. 
__During time T2, the DMA controller will assert its 
DS signal. The timing for this signal, in conjunction 
with the R/W signal (asserted in T1) must be trans- 


Am9516 
WORD READ CYCLE 


Am9516 
CLOCK 


Ty =} 12 =f TW of T Wf TW TW ef TW eT 


formed into an 8088-equivalent RD signal. During 
a word read cycle, this RD signal also must be arti- 
ficially negated and then reasserted to accomplish 
a double byte read. At the same time, the DMA con- 
troller must be “parked” in order to multiplex or 
assemble a word. Thus, the WAIT signal is also 
asserted at time T2. During time TW (S2, S1, 
SO = 010), the receiver clock enable control signal 
B must be asserted in order to allow the next sys- 
tem clock’s rising edge to strobe the upper byte into 
the bidirectional !/O port. This is accomplished dur- 
ing the next TW period (S2, $1, SO=011). oo 

During the remainder of the word read cycle, RD 
is negated and then reasserted after LAO has been 
forced low to address the even byte. A is then 
asserted to allow both the previously latched upper 
byte and the current lower byte to be driven onto 
the DMA controller's pins. And finally, the WAIT sig- 
nal is negated, allowing the DMA controller to finish 
its read cycle by strobing in the 16 bits of command 
data on its data pins. 


Am9516 Am9516 
<e————— BYTE READ CYCLE —__——_»> _— BYTE WRITE CYCLE compel 
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highly organized application-oriented control blocks 
to be formed easily. These tools can conceptually 
raise the designer above the details of the design at 
the logic level and directly translate the necessary 
response characteristics from a timing diagram. 
This approach can be referred to as a ‘‘sculptured 
design’’ technique because it 1s analogous to the way 
solid stone is formed according to an artist’s image. 
Raw logic can be transformed directly into useful con- 
trol functions from the desired timing information. 


LATCHED Ap 


\A/ Y, 
AXX LATCHED Ag XX 





The AmPAL22V10 is, in essence, a fuse-program- 
mable gate containing up to 22 inputs and 10 out- 
puts. It can define and program that architecture of 
each output on a pin by pin basis. Thus, the designer 
is free to optimize the design mix between registered 
and combinatorial functions as needed. 

The AmPAL22V10 is programmed by opening fus- 
able links in any or all of its 10 output macrocells, 
as well as in its AND gate array. The AND gate struc- 
ture is very similar to other PAL devices; therefore 
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it allows the same powerful, yet familiar features. 
However, it is the AmPAL22V10’s 10 output logic 


macrocells that give the designer substantial new 


design freedom. Moreover, at each macrocell out- 
put is a tri-state output buffer controlled by a 
separate Output-enable AND gate. 


These macrocells provide the AmPAL22V10’s key 


features. They can be configured to make any or all 
of the I/O pins act either in sequence or in combi- 


nation and have either active-high or active-low char- — 


acteristics. Furthermore, the output enables can 


individually control the direction of the pins so they . 


act as outputs, inputs, or bidirectional ports. — 
A number of trade-offs and limitations are appar- 
ent in a design that so dramatically affects the input 
and output of the system. The most obvious limita- 
tion stems from under utilization of 16-bit periph- 
erals on an 8-bit bus—the speed of all I/O operations 


are cut in half. As a result, bus utilization will 


increase if the 16-bit peripheral represents a signifi- 
cant factor of the bus use. A CRT controller such 
as the Am8052 might use 5 to 10 percent of the bus 
bandwidth for display information when using 16-bit 
I/O. Converting to 8-bit I/O would double bus use 
to 10 to 20 percent. Another factor that might affect 
the bus usage is the efficiency of the 8- to 16-bit con- 


version control logic. If the state machine designed 
to perform the 8/16-bit (or 16/32-bit) conversion is 
improperly designed, extra transfer overhead might 
be introduced. This might mean a sequential transfer 
of two 8-bit values would take twice as long a single 
16-bit transfer. 

The design constraints might limit the use of the 
peripheral to byte-only operations during data trans- 
fers (as in the design using the DMA Am9516 con- 
troller), and slow it down by a factor of two during 


- command operations. For such a DMA device as the 


Am95]6, the extra time required for command fetch- 
ing is not usually a significant portion of bus time. 
System designers will have to weigh the cost of 


_ the extra overhead on a case-by-case basis. The ben- 


fits may well justify these limitations—particularly 
when the bus is self-limiting, but the device charac- 
teristics allow for value-added designs. In addition 


_ to bus degradation for certain configurations, extra 


logic and design effort are involved. Most interfaces 
outside a system’s immediate family require some 
kind of extra interface logic, however. By manipulat- 
ing the signals and incorporating them into program- 
mable logic devices such as the AMPAL22V 10 device, 
therefore, most of this logic is free. 
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High Performance 
DMA For The VMEbus 


by Mike Wodopian, Field Applications Engineer, Advanced Micro Devices 





esigned for direct memory access with minimal CPU 
intervention, the Am9516 from Advanced Micro 
Devices (Sunnyvale, CA) is a general-purpose micro- 
processor peripheral. It can be tailored to specific applications 
by simply reprogramming on-board registers. This reprogram- 
ming is generally accomplished by the DMA Controller’s 
linked-list data structure without involving the CPU. A 
VMEbus system board is a case in point. The Am9516 performs 
memory-to-memory, memory-to-peripheral and peripheral-to- 


peripheral transfers at rates up to 4 Mbytes/sec (using the: 


6-MHz version). Each chip can address up to 16 Mbytes of 


DO-D15 = WRITE 
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memory, and single DMA burst capability of up to 128 Kbytes 
turther enhances operation. 

In addition to DMA operations, transfer-and-search opera- 
tions or search functions aione can be performed. Users enter 
the desired pattern into the on-board pattern match register and 
a mask register is included to eliminate certain bits from the pat- 
tern match. When a match condition (or a no-match condition) 
is found, an interrupt is generated to inform the host processor. 

To remain compatible with existing peripherals, the Am9516 
can perform a byte packing/unpacking function. This allows 
efficient use of word-organized memory when interfacing to 
byte-organized memory or peripherals. The part has the ability 





uy 


Figure 1: The interconnection of the Am9516 to the VMEbus requires two PALs. 
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to load its own control parameters into its on-board registers in 
order to facilitate loading of initialization parameters. The CPU 
writes these parameters to local memory, informs the Am9516 
of the data block address and issues a start chain command to 
key the initialization process. 

Upon completion of a DMA operation, the Am9516 can do 


one of several things. For systems requiring DMA between two — 


areas of memory, on-board base registers are provided for each 
channel. This allows fast reloading of the current address and 
operation count registers. Changing direction of the transfer 
simply requires changing the state of the “flip bit” in the chan- 
nel mode register. Upon completion, the Am9516 can perform 
another chain operation to prepare for a different type of DMA 
transfer. Using its on-board interrupt logic, the device can in- 
form the host of its completion status by sending an interrupt 
and responding to the host with a user-specified interrupt 
vector. 

To accommodate slow memory or peripherals, the Am9516 
provides a means to add wait states. The wait line can be driven 
with normal types of transfer acknowledge signals, such as 
XACK ina Multibus environment, READY in an 8086 system 
or DTACK ina 68000 system. With the Am9516, wait states can 
also be added under software control. Users simply program 
the transfers’ required number of wait states (0, 1, 2 or 4 may be 
selected) into the address register tag field. This feature makes 
it possible to stretch bus cycles without hardware overhead. 

The VMEbus makes provisions for address modifier lines to 
allow implementation of paging schemes and memory manage- 
ment functions. These lines also allow access to several sequen- 
tial locations of storage while providing only one address. VME 
also caters to 32-bit data fields and 32-bit address fields. The 
bus design. makes provisions for system or module failures. 
Signals such as bus time-out, bus error and power fail can serve 
as fault-finding mechanisms to ensure overall system integrity. 


Interfacing The Bus 


A basic interface to the VMEbus may be based on the Am9516. 
Although features such as bus exceptions or address modifier 
codes are not considered here, the basic approach can expand 
to allow for additional features or special user requirements. 
The system design uses an Option One priority arbitration 
scheme, but could easily be expanded to implement other for- 
mats. PAL devices minimize the hardware required for user- 
customization of this system. The design uses two PALs: an 
AmPALI6R4 device, which performs basic signal translations 
to and from the Am9516 when it is a master or a slave on the 
VMEbus; and an AmPALI6L8 for handling bus arbitration and 
interrupt responses. A breakdown of the signal descriptions us- 
ed are shown in Table 1. 

PALI provides the logic that interfaces to the VMEbus when 
the peripheral chip is either a master or a slave. When the 
Am9516 is configured as a bus slave to another master residing 
on the VMEbus, the address is decoded to generate an Am9516 
chip select signal. This signal is also latched (LCS) to begin an 
internal state sequence in PALI. State variables A and B deter- 
mine both the start and the end of the required Am9516 data 
strobe (DS) and the *"‘1E acknowledge signal (DTACK). 
Timing of these signal —_inges slightly depending on whether 
the cycle is read or write. 

When the Am9516 is a bus master, PALI generates all VME- 





Table 1: Breakdown of the signal descriptions used in the interface of 
the Am9516 to the VMEbus. 


required control signals not directly generated by the Am9516. 
The address strobe generated by 8-MHz and 10-MHz versions 
of the Am9516 does not meet the VME address valid to address 
strobe falling edge set-up time. Thus, state variables A and B 
must be used to create this address strobe signal. An external 
buffer on the output of A provides sufficient drive for the 
VME address strobe control line. PALI also generates the cor- 
rect VME Data Strobe (DSo,DS,) combination from the 
Am9516’s Data Strobe, Address Line Ag and the Byte/Word 
signals. 

Table 2 shows the PAL equation, the pinout of the device, 
logical equations for all signals and a function table (truth table). 
Figure | details the interconnection of the Am9516 to the two 
interface PAL devices and the VMEbus. 


Requesting The Bus 


PAL2 controls the acquisition of the VMEbus by the Am9516 
and generates the signals for both the Am9516 and the VMEbus 
during interrupt acknowledge cycles. To obtain use of the 
VMEbus, the Am9516 requests the bus by driving its BREQ line 
high. This signal is received as an input by PAL2. A VME bus 
request (BRX) is generated only if there is no active bus- 
grant-in (BGXIN). Such gating ensures that the Am9516 does 
not steal the bus from a lower priority master that was just 
granted use of the bus. Upon receipt of an active bus-grant-in 
(BGXIN) from the VME arbiter, PAL2 generates an active 
HASBUS signal indicating to the Am9516 that it now has con- 
trol of the system bus. Simultaneously, PAL2 generates the 
VME “bus busy” signal (BBSY), indicating to the VME arbiter 
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and other VME masters that the bus is in use. 

PAL2 also generates the proper levels on bus-grant-out 
(BGXOUT) to continue the bus acknowledge daisy chain. This 
design assumes an Option One arbiter which responds only to 
requests on bus request line 3 (BR3) and depends upon the daisy 
chain for prioritization. VME also specifies a parallel method 
for bus arbitration that could, with minor modifications, be 
implemented using this PAL design. Because an Option One ar- 
biter is assumed, PAL2 does not generate a bus clear signal. The 
signal is only used by Option One priority arbiters to inform the 
present master on the bus that a higher priority master would 
like use of the bus. This design also implements an option called 
“release when done,” which releases bus busy (BBSY) when the 
Am9516 indicates that it no longer wants use of the VME. 

The other portion of this PAL creates the proper signal 
sequence during an interrupt acknowledge cycle. When the chip 
encounters a condition that should generate an interrupt, it 
drives its interrupt (INT) line low. This interrupt signal drives 
one of the VME interrupt request lines (IRQ, -IRQ7) as well as 
an input to PAL2. Upon receipt of an interrupt acknowledge 
(IACK) signal, the PAL device decodes the three low-order 
address lines. If the present interrupt acknowledge cycle is at 
the Am9516’s predetermined level when interrupt acknowledge 
in (IACKIN) is received low, PAL2 generates the 9516INTA 
signal that drives the Am9516 interrupt acknowledge input 
(INTACK). The Am9516 then responds by driving the data bus 
with its user-programmable vector. 

PALI also plays a role in interrupt acknowledge cycles. When 
it detects a valid 9516INTA signal, an internal state sequence 
begins which generates the proper transfer acknowledge 
(DTACK) to the interrupt handler. When PALI sees the data 
strobe (DSo) go high, the cycle ends and DTACK is driven back 
high, PAL2 also generates the proper signal level on inter- 
rupt-acknowledge-out (IACKOUT) to complete the interrupt 
acknowledge daisy chain. Table 3 is the PAL equation for PAL2 
and details the pinout of this part as well as the equations that 
define its operation. 


Meeting VME Power Requirements 


The VME specification puts some rather stringent dc require- 
ments on bus signals. AMD manufactures a family of bus inter- 
face parts that satisfy the requirements for most of the VMEbus 
signals. The bus grant and the interrupt acknowledge daisy- 
chain signals need not be buffered since their drive requirement 
is moderate. Other signals, such as AS and DS, are buffered by 
a 748244, 

As a bus slave, the DMA card must receive an address from 
the VMEbus and decode it to generate a chip select to the 
Am9516. AMD's 29809 and 29806 equal-to comparators suit 
this need. In this slave mode, the Am29827 10-bit buffer 
receives all necessary control signals from the VMEbus to 
initiate the required bus cycle at the Am9516. To complete the 
cycle, PALI generates a DTACK signal which must go through 
a 74809 gate to meet the drive requirements of DTACK on 
VME. The Am29861 is a data transceiver needed to drive the 
VMEbus or the Am9516. 

As a bus master, the same Am29861 ICs provide the trans- 
ceiver functions necessary on the VME data bus. The direction 
in this case is controlled by the Am9516 rather than the PALI 
outputs. The lower 16 bits of address out of the Am9516 are lat- 
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CK WRITE LCS HASBUS BW AQ ALE DSI /9516INTA GND 
| /OE /RBE /TBE /B JA J/OTACK /0S /DS1 /0S0 VEC 


SINTERNAL STATE VARIABLES 


A v=/LCSxDSx/HASBUS 
. /LCSx/HASBUSxAxDSOxWRITE 
ACS x/HASBUSxAxDS1xWRITE 
ALEx/BxHASBUS 
/ALEx/BXHASBUSxA 
QS16INTAx/Ax/BxDS0 
Q516INTAXAxBxDSO 


:EQN FOR /A-SLAVE nt 
“EQN FOR /A-SLAVE RO ONLY - 
EQN FOR /A-SLAVE RD ONLY 
;EQN FOR /A-9516 MASTER. | 
. EQN FOR /A-9516 MASTER - 
‘EQN FOR /A-INTA CYCLE | 
‘EQN FOR /A-INTA CYCLE 


‘EQN FOR /B-SLAVE RO/WR | 
‘EQN FOR /B-SLAVE RD ONLY 
“EQN FOR /8-SLAVE RD ONLY 
‘EQN FOR /B-9516 MASTER 
‘EQN FOR /B-INTA CYCLE | 
;EQN FOR /B-INTA CYCLE 
‘EQN FOR /B-INTA CYCLE 


t3/LCSxAXx/HASBUS 
{LCS x/HASBUSxBxDSOxWRITE 
/LCSx/HASBUSxBxDS1xWRITE 
Ax/BxHASBUS 
9516INTAx/Ax/BxDS0 
O516INTAXAx/BxDS0 
S5I1GINTAX/AxBxDSO 


|. 9516 OUTPUTS TO VME Ne 
‘EQN FOR /OS-SLAVE RO/WR. | 


“EQN FOR /DS-SLAVE RO.ONLY 
EQN FOR /DS-SLAVE RD ONLY... 


| DS —-:=/LCSx/Bx/HASBUS — 
LCSxBxDSOxWRITE 
ACSxBXDS1XWRITE 


DTACK -=/DSx/HASBUSxAXDSOx/WRITE + ;EQN FOR /DTACK*‘SLAVE WR 
_ IDSx/HASBUSxAxDS1x/WRITE = +_ ;EQN FOR /OTACK-SLAVE WR | 
DSx/HASBUSXAxBxDSOxWRITE .+ ;EQN FOR /DTACK-SLAVE RD 

DSx/HASBUSxAxBxDSIXWRITE +. EQN FOR fOTACK-SLAVE RD 

QS16INTAX/AxBxDSO . “EQN FOR /OTACK- INTA: CYCLE 


: BUFFER ENABLE So ar 
| IF (HASBUS) TBE=Ax/WRITE XMiT BUF EN: sue RITE 


IF (HASBUS+9516INTA) RBE=AxDSxWRITE + ‘ACV BUF sua READ | 
| SBIBINTAXDSO vanes 


‘VME DATA STROBES WHEN 9516 ISA MASTER . 


IF  (HASBUS) D80=/DSIxBWx/A0x/A. + EON FOR Dts MASTER 
OSIXBWXADX/A OP Cie ~ 


DS1=:/DS1x/BWo/A0xiA- + FN for ost 0 
IDS BW+1A0+ iA . 


IF... (HASBUS) 





Table 2a: PAL1 handles signal translations to and from the Am9516 for 
both master and slave situations. 


ched in an Am29845S. Since it meets all requirements for driv- 
ing the VME address lines, the Am29845 drives the bus direct- 
ly. An additional Am29827 buffers the high-order address lines 
(A j6-A23), as well as the read/write line, onto the system bus. 
Because of the high drive requirements specified for the VME 
data strobes (DSy, DS,) and address strobe (AS), the 
PAL cannot drive the bus directly. A 748244 is used in this 
instance since it meets the 64-mA sink current specified by the 
VME. In addition to DIACK, three other signals musi go 
through a 74S09 open collector AND gate to provide the drive 
capability and proper output type. These are an interrupt signal 
out of the Am9516 (INT) and bus request (BRX) and bus busy 
(BBSY) out of PAL2. 


Handling Bus Exceptions 


Both the Am9516 and the VMEbus provide users with 
mechanisms for handling bus errors and subsystem failures. 
The VME specification provides for a bus time-out module that 
can flag system errors or problems. This module monitors the 
data strobe lines, DTACK and bus error (BERR) signals. When 
a falling edge is detected on either of the data strobes, this 
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module begins a time-out sequence. If the module times-outs 
before a valid DTACK signal or BERR signal, or a rising edge 
of either of the data strobes occurs, then this module will drive 








BERR low, which completes the data transfer and automatically 


flags a bus error. 

The Am9516 can also use a portion of this feature to abort a 
DMA in progress if'a bus exception is detected. In master mode, 
the Am9516 could monitor the bus error signal (BERR) and, 
when active, it drives the Am9516 OP input low. Subsequently, 


the Am9516 stops current DMA operation and relinquishes the 
system bus. The Am9516 could then generate an interrupt to the 
system indicating that a system error or problem has occurred. 
The VME board could also monitor the bus ac fail line which 
indicates that power is going down. In such a fatal situation, 
should the Am9516 have control of the bus, it should give it up. 
This scheme could be implemented using the Am9516 end-of- 
process (EOP) control line. : 
Although this design represents the implementation of an 
interrupt driven system, a simpler system could be designed that 
does not take advantage of the Am95]6 interrupt logic. In fact, 
such a simple system might use one AMD 24-pin PAL device 
(AmPAL22V10) rather than two. However, the built-in interrupt 
controller adds flexibility within the system and provides for fast 


COMMENTS 





Table 2b: Truth table for PAL1. PAL1 allows the interface between the Am9516 and the VMEbus. 
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PALI6L8 
PAL 2 


ie “BREG: /BGXIN AACK JACKIN JAS /INT At A2. GND 
2 fMYLEVL -BRX /IACKOUT HASBUS /BGXOUT BBSY /9516INTA VCC 
pus ex } HANGE VARIABLES: 
E+ HASBUS +8GKIN+ SY 


. somaoa0 | 


INT CELE SAPAELES 


+ 


NT THIS SETS THE INTERRUPT LEVEL ‘ 
SOF THE 9516. THISDESIGN. 
~ JASSUMES AN INT LEVEL OF 7, 
THE USER CAN CHANGE THIS E 
_” -REWRITING THIS EQUATION TO SE 
THE DESIRED INT LEVEL. 





Table 3a: PAL2 is required to interface the AM9516 to the VMEbus. 








interrupt processing. Whenever a DMA operation is ter- 
minated, the Am9516 can generate an interrupt. There is also 
a two-level interrupt queue so that anew DMA cycle can start 
before an interrupt acknowledge cycle occurs. Reading the 
interrupt save register will give the interrupt handler the data 
needed to determine the cause of the interrupt. 


VME Address Modifier Codes 


As specified by VME, address modifer lines allow the master 
presently on the bus to pass additional information to the slave 
it is addressing. Some of the address modifier codes are defined 
by VME to perform certain functions, while others are user- 
defined. These address modifier codes allow such features as 
system partitioning (i.e. , privileged or nonprivileged accesses), 
memory mapping or sequential access cycles that allow access 
of several locations without providing a separate address each 
time. The design does not account for address modifier codes 
even though VME specifies that all masters should drive these 
lines. This is left to the potential user since the system will need 
to be configured to meet those specific requirements. 

L} Editor’s note: A complete set of timing diagrams for this 
design is available upon request from AMD. For further infor- 
mation, please circle 619. DD 


How useful did you find this article? Please circle the appropriate 
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Table 3b: Truth table for PAL2. PAL2 provides VMEbus arbitration as well as generating the signals for an interrupt acknowledge cycle. 
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3.7.7 Article Reprint 
APPLICATIONS NOTEBOOK 


A Demultiplexed Analog Subsystem 





ie new monolithic analog to digital 
converters generally do not providea 
16-bit formatted data word for immediate ig aD . . re 
processing by a CPU. These A/D con- [ - | pres Es 
verters usually multiplex data through an . * 
eight-bit port in byte and nibble form. 
There is no easy way for a processor, re- 
gardless of the ALU bit size, to handle this 
unformatted data directly since it requires 
demultiplexing and reformatting the data 
coming from the converter. This results in 
inefficient and slow data processing. For 
an existing system to use one of these new 
converters it could be a major undertaking 
to modify the system software to achieve 
the proper data format for processing. 
Advanced Micro Devices’ Am6112, 
which multiplexes 12 bits of data through 
an eight-bit port in two's compliment, re- 
quires the following algorithm to reformat 
the data for a 16-bit processor. In the first 
read of the converter’s port, the four most 
significant bits of a 12-bit data word are 
read into one of the processor's registers 
(bit locations BO through B3). Inthe sec- 
ond read, the eight least significant bits 
are read into a different register (bit loca- 


Sample & 
Hold 





-AM29845_ | 


tions BO through B7). To merge the two - es ee oe ae 
registers, the processor mustdoalogical — Eigure 4: Circuit diagram showing AMD's Am6112, ADC, controlled by AMD's new AmPAL22V10 
shift ofthe four most significantbitstolo- —_ PAL witha parallel 16-bit bus interface. The AMPAL22V10 functions as a state machine to initial- 


cations B8 through Bil in the first register. ize and control the sample and hold device, the Am6112, and provide the logic necessary to de- 
Bl is tested for sign, and, if negative, bits multiplex 12 bits of data from the Am6112 and place it into a 16 bit data format with corrected sign bit. 
B12 through BIS are set. The shifted and 
corrected register must then be merged 
with the second register to get a formatted 
data word ofany value for processing. An 
analogous operation must be done if the 
conversion code is one’s offset. The added 
processing time required is now equiva- 
lent to five or six instructions per data 
fetch. 

The following design, using a PAL 
device, is a hardware/software solution 
for the interface of the Am6112 toa 16-bit _ 
processor — shown in Figure 1. This op 


2ssComplement 


hardware design doesn’t require the five or Sia ["} — STE my aan 


six instructions for formatting to be used 
each time there is a data fetch, thus avoid- 
ing an untenable software modification or 4MSB_ 
an increase in processing time. eae 

The first step in the design is to con- 
struct a timing chart (Figure 2). The chart 


shows the timing interactions between the : - apie 

PAL device and the Am6112. After work- Figure 2: Analog to digital conversion cycle showing power up initialization — states 0 to 2, start of 
. ss . conversion — state 3, conversion cycle — states 5 and 6, and latching of data from conversion — states 
ing out the timing, schematics ate drawn 6and8. The first entry pointis the power up sequence in state 0 andthe secondisin state 9. In states 
and the allocation of inputs and outputs 5 and 9 the clock does not run until conversion is complete or an external conversion is requested, 
can be assigned tothe PALdevice(Figure —_ respectively. 


¢———— 
| ee 
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APPLICATIONS NOTEBOOK 


1). Finally, the sequential states and the 
Boolean equations are defined and assem- 
bled. Inthis instance the sequential states 
are the successive binary statcs of the 
timing. 

The parts used in the interface design are 
Advanced Micro Devices AmPAL22V10, 
the Am6llI2 12-bit analog to digital con- 
verter, and two Am29845 bus registers. 
The AmPAL22V10 1s mnemonically called 
“DEMUX,” meaning de-multiplexer. 

The design requires minimal clocking 
during the actual conversion of the analog 
signal in the Am6l12. This is done by 
gating the acknowledge signal from the 
Am6l12 and one of the binary states from 
the state counter with the clock signal 
through the PAL device. There is also 
minimal clocking when the AméllI2 ts 
idle. Again, by gating the clock witha bi- 
nary state from the state counter and the 
signal that requests a conversion, clock- 
ing in the circuit is minimized. In the 
PALASM source listing, the clock control 
equation has ADR4 through ADR7 fac- 
tors. These factors are the I/O address 
lines from the CPU. The I/O address de- 





coding for chip select is done in the 
AmPAL22V10 for the conversion circuitry. 

After an external conversion request, 
the clock is gated on to start the Am6112’s 
conversion. The external conversion re- 
quest signal is the control bus write signal. 
Thus the first equation for the PAL device 
is state 5 and acknowledge low, or state 9 
and external conversion request low which 
allows the clock to run the state counter. 

Not clocking during conversion or 
while idle prevents unwanted noise, espe- 
cially in the analog signal, and minimizes 
the overall system noise generation due to 
output switching. Using these design rules 
does not alter the actual conversion time 
inthe Am6l12. The Am6lI2 requires ap- 
proximately 14% clock periods foracon- 
version. The state machine requires 13 
clocks but three overlap with the clocking 
of the Am6l12. Thus, the total number of 
clocks in a conversion 1s 24'4 from the 
leading edge of the control bus’ write 
signal. 

Creating the Boolean equations for the 
interface design is a heuristic process 
using the timing chart. For example, in 
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CLK ABCD 
ACK ABC D 
ACK ABCD 

ABCD 
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ABCD 
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CLKABCD 
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Figure 3: Graphic representation of the 
functions expressed in the PALASM source 
listing DEMUX for the AmPAL22V10 PAL. 





defining the read equation from the tim- 
ing figure, read must be low during state 
zero, State six and state eight. The actual 
logic for the read signal isimplemented as 
shown in Figure 3, and its Boolean expres- 
sion is inthe accompanying PALASM list- 
ing (Figure 4). In states two and three, the 
write signal will go active low during only 
the first half of each state’s clock cycle 
rather than for the whole period as in the 
read signal. For the command/data signal 
the timing figure shows it going low inthe 
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CLKIN RS EXCR SYSRD ACK CLK D3 ADRO ADR4 ADR5 ADR6 GND 
ADR7 ABC D DO CLKO/SH /CD /WR/RD VCC 


; CONTROL SIGNALS 
RD = /A*/B*/C* + /A*B*C*/D 


WR = /A*/B*/C*/D + /A"B*/C*/D*CLKO + 
A*B*/C*/D*CLKO + /A*B*/C*D*/CLKO 


CD = /A'BYIC*ID*ICLK + A'BY/C*/DACK + 
IA*/B*C*/D*IACK + JA‘/B*/C*D + A'B*C*/D 


SH = /A‘/B*/C*/D + A‘IB*/C*/D*CLKO + 
JA*B*/C*D +A°B*/C"D +/A°/B*C*D*CLKO 


; CLOCK OUTPUT FOR STATE COUNTER 
CLKO = CLK + A’/B*ACK*C*/D + 
A‘/B*/C*D*EXCR*ADR4*ADRS5*/ADR6*ADR7 


; EXCR & 10 @ 1/0 ADDR CX 


; CONVERSION MODE CONTROL 
IF (A*B*/C*/D*CLKO*/ADRO + 
/A*B*/C*D*/CLKO*/ADRO) DO = SH 


; VO ADDR COH AND CiH 
; ADRO = LOWIS 1's & IF HIGH is 2's. 


; STATE COUNTER AND ADDITIONAL CONTROL SIGNALS 
A: = IAID*RS + /A'D*RS 


B: = A‘/B*/C*/D*RS + /A*B*/C*/D*RS + ; [SNCB] 
A‘/B*C*/D"RS + /A*B*C*/D*RS + ; SIGN CONTROL 
A‘/B*/C*D*RS + JA*B*/C*D*RS + ; BIT 
/A*/B*C*D*RS 


IF (/A*B*C*/D*/D3) 


IF (/A/B*/C*D*/CLKO) C: = A’B*/C*/D"*RS + /A‘/B*C*/D*RS + ; [8LSB] 
A‘/B*C*/D*RS + /A*B*C*/D*RS + ; STROBE 
A"B*/C*D*RS 

IF (/A"B*C*/D*/CLKO) D: = A*B*C*/D*RS + JA*/B*/C*D*RS + ; [4MSB] 
A‘/B*/C*D*RS + /A‘B*/C*D*RS + ; STROBE 
A*B*/C*D*RS 


FUNCTION TABLE 


CLK CLKO CLKIN EXCR ACK RD WR CD SH 





Figure 4: PALASM listing and example of function table for application. 





latter half of state two, remaining low 


through states three and fourandrising to - 


the high state, inactive, in state five. Italso 
has a synchronous relationship to the ac- 
knowledge signal from the Am6112: com- 
mand/data is “anded” such that it will not 
go inactive until the acknowledge signal 
becomes inactive. 

The other control signals are similar to 
the read, write, and command/data sig- 
nals. The data signal, DO of the PAL, go- 


ing to DO of the Am6I12, serves as an out- 
put during initialization inthe first half of 
State two, 

To generate all of the control signals, a 
four-bit counter was created in the PAL 
device to count from zero to 12. At reset, 
or power-up, the counter starts at zero and 
goes through one cycle, or counts to nine, 
then stops until the CPU exerts an active 
low onthe write control line. States 10, 11 
and 12 occur after the active leading edge 
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of the write signal, and provide a sampling 
window for the sample and hold circuit. 
In state 12, the state counter is loaded with 
a four-bit binary value of three. On the 
next clock edge, that which would se- 
quence acounter tostate 13, the counter is 
synchronously loaded with the value three 
and sequencing of the converter occurs for 
a conversion. 

The B, C And D outputs of the counter 
are normally tri-stated. B, C and D out- 
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puts are pulled to ground via resistors. 
When a strobe for data enable is needed 
for one of the bus latches, either C or D’s 
output is taken out of tri-state and driven 
active high. B’s output state is determined 
by the sign bit from the Am6112 converter. 


APPLICATIONS NOTEBOOK 


It drives input bits B12 through B15 of the 
high half of the data bus latch in order to 
move the sign bit tothe most significant bit 
position; this eliminates the need for soft- 
ware modifications. Ifthe sign bit is posi- 
tive, or active low, the output is not taken 
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out of tri-state. If the sign is negative, or 
active high, the output is taken out of tri- 
state and driven active high. 

— Garret Spears, Field Applications En- 
gineer, Advanced Micro Devices, Sunny- 
vale, CA 
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3.7.8 Article Reprint 


Advanced Programming Language for Programmable Logic Design 


by 


Om Agrawal 
Dept. MGR., Customizable Logic Product Planning 
Advanced Micro Devices 
981 Thompson Place 
Sunnyvale, CA 94888 


INTRODUCTION 


With persistent advancements of 
LSI/VLSI technology, new generation of 
programmable logic devices (PLDs) - 
especially PAL (s) rivalling density 
and flexibility of gate arrays are 
appearing on the horizon. 


PLDs with faster speed, denser 
arrays (with increasing number of 
logical product terms), better 
architectural features, built in 
Support for diagnosability and with 
sophisticated software design tools, 
are finding wider and wider 
applications in various systems. 


Two major factors which are 
fueling the growth of such advanced 
programmable logic devices are: Better 
software tools and better technology. 
Software tools are providing the “ease 
of design"; while better technology is 
providing the increased architectural 
flexibility, faster speed, reduced 
power and increased functional 
density. The major focus in this paper 
will be on the software side; on an 
advanced Programmable Logic 
Programming Language (PLPL). 


ADVANCES IN SOFTWARE 


With the increasing complexity and 
flexibiliies of programmable logic 
devices, the need for better software 
tools becomes increasingly important. 
While the first generation software 
tools such as PALASM was adequate for 
relatively low complexity, first 
generation programmable logic devices, 


they are inadequate in several 
respects for future generation 
devices. 


DESIRED FEATURES FOR ADVANCED SOFTWARE 


TOOLS FOR PROGRAMMABLE LOGIC 


o Compiler based rather than Assembler 
based 


While the first generation software 
package was, relatively low level 


* PAL is a registered trademark of and 


is used under license from Monolithic 


Memories, Inc. 


machine language and Assembler based, 
the next generation software has to be 
Compiler based for simplifying the 
tasks of the designers and for 
utilizing the complexity of the future 
generation devices. 

Block 


o High Level Structured 


Language 


For utilizing the complexity of 
future devices, and minimizing the 
task of relatively complex logic 
designs, the software should specifiy 
the design equations in a high level, 
block structured language. 


o Ease of Portability to different 
Operating Systems 


The software should be developed 
in a high level language to allow it 
to be ported to different operting 
systems relatively easily. 


o User Friendly 


The software package should be an 
easy and convenient tool, with all the 
features tailored towards USER 
friendliness. 


o Technology Independent, Device 
Independent and Hardware Programming 
Equipment independent 


The software package should be 
able to support multiple programmable 
logic devices (PALs, PLAs and PROMs), 
with multiple technologies (Bipolar 
and CMOS); should run on a large 
number of operating systems (running 
on multiple machines ~ from low end 
PCs to very high end Main frame 
computers) and should support a large 
number of hardware programming 
equipments built by various 
manufacturers. 


o Should support multiple design 
formats, and should allow clear 
problem definition with relatively 
High Level Constructs 
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The software package should 
support problem definitions in 
multiple design formats and High Level 
Constructs - multiple design formats 
such as PALASM like sum-of-products 
Boolean equations, extended Boolean 
logic descriptions, DeMorgan's Laws, 
Macro substitution capability, pin 
vector specifications; and high level 
register transfer and state machine 
descriptions with high level 
constructs such as IF-THEN~ELSE, FOR, 
CASE, and FUNCTION CALLS. It should 
allow the devices to be expressed in 
terms of their functions rather than 
the implementation of their functions. 


o Should simplify the tasks of the 
designers 


It should allow the designers to 
take full advantage of designing with 
programmable logic devices and should 
help them with all the aspects of the 
design ~ starting from defining the 
problem to be solved, creating a 
solution, verifying the solution by 
simulation, generating the test 
vectors, optimizing the list of 
Boolean equations. 


o Interactive or Batch Mode of 
Operation 


The software package should have 
the capability of providing both 
interactive and batch mode of 
operation for designing with 
programmable logic devices. 

o Ease of adding new devices 

The software package should be 
developed to support relatively easily 
the addition of new programmable logic 
devices. The environment should be 
preferably a Data Base Table driven, 
to achieve this functionality. 


3-367 


The software package should 
support problem definitions in 
multiple design formats and High Level 
Constructs ~ multiple design formats 
such as PALASM like sum-of-products 
Boolean equations, extended Boolean 
logic descriptions, DeMorgan's Laws, 
Macro Substitution capability, pin 
vector specifications; and high level 
register transfer and state machine 
descriptions with high level 
constructs such as IF-THEN-ELSE, FOR, 
CASE, and FUNCTION CALLS. It should 
allow the devices to be expressed in 
terms of their functions rather than 
the implementation of their functions. 


fe) Should simplify the 
designers 


tasks of the 


It should allow 
take full advantage of designing with 
programmable logic devices and should 
help them with all the aspects of the 
design Starting from defining the 
problem be solved, creating a 
solution, verifying the solution by 
simulation, generating the test 
vectors, optimizing list of 
Boolean equations. 


the designers to 


to 


the 


° Interactive Batch 


Operation 


or Mode of 


should have 
providing both 


The software package 
the capability of 
interactive and batch mode of 
operation for designing with 
programmable logic devices. 

° Ease of adding new devices 

The software package should be 
developed to support relatively easily 
the addition of new programmable logic 
devices. The environment should be 
preferably a Data Base Table driven, 
to achieve this functionality. 





STRUCTURE OF PLPL ENVIRONMENT 


Programmable Logic Programming 
Language (PLPL) is such an advanced 
software package - with all the above 
features. It provides an integrated 
top-down, hierarchical and complete 
package for designing with 
Programmable logic devices. With its 
advanced features, it is a new design 
approach for further enhancing the 
short design turnaround time 


associated with all programmable logic 


devices. ' 


Written in language C for 
portability and flexibility, it is a 
high level, block structured hardware 
description language for programmable 
logic devices. With its Data base, 
table driven format, it has the 
capability to support multiple AND-OR 
logic based programmable logic devices 
such as PALS, PLAS and PROMS. It is 
designed to be a convenient tool for 
the USERS; and supports multiple 
design techniques such as PALASM like 
sum-of-products Boolean equations, 
extended Boolean logic descriptions 
(Parenthesized equations, DeMorgan's 
laws, Macro substitution capability, 
and Pin vectors). With its interactive 
or batch mode of operation; optional 
tri-~level menu driven capability; 
extensive error checking and help 
facility; and with direct hardware 
programming equipment interface, it is 
quite user friendly and easy to use. 


PLPL is the heart of a new 
programmable logic computer aided 
design environment. This environment 
with all its flexibility allows the 
designer to take full advantage of 
designing with programmable logic 
devices and allows all the tasks 


associated with the designing of. 


programmable logic devices to be 
performed with ease and confidence. 
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Structured in a top-down, 
hierarchical fashion, in PLPL CAD 
environment, each program is governed 
by a separate program module. Nine 
independent modules make up the PLPL 
environment (fig. 1): The Operations 
Processor, The PLPL Compiler, PLPL 
Data Base Map, JEDEC Fuse Map. 
Generator, List Equations, PLPL 
Simulator, PLPL Optimizer, PLPL 
Semi~automatic Test Vector Generator 
and PALASM to PLPL Translator. 


“The OPERATIONS PROCESSOR 


The Operations Processor is an 
interactive, tri-level, menu driven 
interface module that provides the 
interface for all other modules of the 
PLPL CAD environment such as the 
Compiler, JEDEC Fuse Map.Generator, 
List Equations, Simulator, Test Vector 
Generator, Optimizer etc’. With its 
extensive "help" facility, it is 
designed to be quite user friendly. 
Also, it provides an “escape" 
capability to temporarily exit the 
PLPL environment to execute certain 
system operations (of the particular 
operating systems) -~- such as editing 
or looking at the contents of other 
files. 


THE PLPL COMPILER 


The PLPL Compiler is the heart of 
the PLPL environment. It converts 
appropriate PLPL design specifications 
into an intermediate file form - to be. 
accepted by other PLPL modules ~- such 


as JEDEC Fuse Map Generator, List 
Equations, Simulator etc. The PLPL 
Compiler parses the PLPL input 


specifications, checks for possible 
syntax errors and flags any possible 
device limitation errors. The PLPL 
Compiler is designed to be device 
independent. All the device specific 
information - such as its 
architectural features and other 
features are provided to it from the 
PLPL Data Base. 


THE PLPL DATA BASE 


The PLPL Data Base stores all 
device dependent architectural 
information (associated with all the 
programmable logic devices - that are 
supported by PLPL) and supplies this 
information to other modules who need 
it - such as the Compiler, JEDEC Fuse 
Map Generator, and the Simulator. This 
centralized nature of the data base, 
provides the flexibility to add new 
devices quickly to the PLPL 
environment. Future addition of new 
devices to PLPL impact only this 
module. 


JEDEC FUSE MAP GENERATOR 


This module has the 
responsibility for generating the 
appropriate fuse map pattern for down 
loading directly to a hardware 
programmer. [It arranges the fuse 
pattern into appropriate JEDEC 
transfer format, supported by all 
suppliers of programmable logic 
programmers. 


LIST EQUATIONS 


This module 
intermediate file 


takes the 
(generated by the 


Compiler) and generates all 
appropriate Boolean equations. 
PLPL SIMULATOR 
This module performs the 


Simulation using uSer created test 
vector tables, consisting of specified 
inputs and expected outputs. This 
simulator uses the specified test 
vector inputs and the outputs of the 
Compiler's intermediate file to model 
the device's output behaviour. The 
Simulation output is compared to the 
expected test vector outputs, and 
appropriate error messages are 
generated, when results do not match. 
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PLPL OPTIMIZER 


This module optimizes the list of 
Boolean equations generated by the 
PLPL Compiler. With the elimination of 
all redundant product terms, this 
results in an optimum list of 
equations for optimum utilization of 
the device. 


PLPL SEMI~AUTOMATIC TEST VECTOR 
GENERATOR 


This ~74"’e generates test vectors 
(semi) automatically for a PLPL design 
specification. The test vectors 
generated by this module can be used 
by the Simulator to test the device. 


PALASM TO PLPL TRANSLATOR 


This module reformats PALASM 
specifications into appropriate 
transformations that is acceptable to 
the PLPL Compiler. This provides 
downward compatibility with existing 
equations for converting to PLPL. 


PLPL PROGRAM STRUCTURE 


This section describes the 
structure of PLPL input specification 
and some of the capabilities of PLPL 
language. 


All PLPL input specifications 
require as a minimum the following 
three basic structures (fig. 2): 


HEADING 
DECLARATION BODY and 
PROGRAM BODY 


fo) 
° 
Oa 


Oo 


The HEADING specifies the title, 
if any, of the design and the device 
type that is to be programmed. 


The DECLARATION BODY is where pin 
names, macros, constants, and 
variables are specified. It is 
separted from the HEADING with a white 
Space. In PLPL, white space is defined 
to blanks (spaces), tabs, newlines, 
formfeeds (“L), and comments. 





The PROGRAM BODY contains the 
logic specification that is to be 
programmed. 


Figure 3. shows the detail 
structure of a PLPL program and table 
1. shows the formal requirements of 
PLPL organization. As seen from this 
table, every PLPL program must have a 
PIN declaration. Since all the 
elements need to be declared before 
they are used in the program, usually 
the pin declaration is the very first 
declaration within a program 
specification. The declarations are 
followed by the main program: block, 
which 
BEGIN and END. (with the period). 

The PROGRAM BODY section begins 
with the keyword BEGIN (also a 
statement operator) and is terminated 
with the statement operator END. (with 
the period). Any combination of 
Boolean equations and high level 
descriptions using the IF-THEN-ELSE, 
CASE, and FOR constructs may appear 
between the opening and closing 
statement operators. The section may 
be null (containing no statements), 
but the statement operators 
(BEGIN-END.) may still appear. This 
section may only appear once in a 
specification. 


THE HEADING 


Excluding comments and white 
spaces, 
line of a PLPL input specification. 
The syntax for the heading is as 
follows: 


DEVICE title specifier (part_name) 


The heading consists of three 
Parts: a) the keyword DEVICE, b) an 
optional title specifier and c) a 
part_specifier or device name. The 
program HEADING should always begin 
with the keyword DEVICE. The 
title name is optional, but when 
specified, the title should have no 
spaces in it. The part_name should be 
a valid partname. Note that HEADING 
definition can span multiple lines, 
with comments inserted in between, if 
so desired. 


is bracketed by the keywords | 


the HEADING must be the first. 
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THE DECLARATION BODY 


Three types of declarations are 
supported in PLPL: . 


o PIN ~ for pin assignments 
Oo DEFINE - for MACRO and CONSTANT 
definitions 
o VAR - for variable list 
definitions 
Only the PIN declaration is 
mandatory in PLPL. 


PIN DECLARATION 


PIN declarations section allows to 
equate user defined identifiers to 
physical device pins. It begins with 
the keyword PIN and is terminated with 
a semicolon. PLPL supports two types 
of pin assignments: Simple and Vector. 
Simple pin list declarations assign 
user defined symbolic names’ to the 
pins within the real device, for 
describing the pins' actual functions. 
Vector pin list assignments assign a 
group of multiple pins to a pin 
vector. Whereas, the Simple pin 
declaration, equates a pin_number (a 
number that represents the actual pin 
on the device) to a simple pin _hame; 
the pin vector declaration 
concatenates the symbolic pin_vector | 
name with the numbers inclosed in 
brackets, for each symbolic pin. There 
is a one to one mapping beteween the 
order of the numbers with in the 
brackets on the left hand side and the 
numbers specified on the right hand 
side. The syntax for a pin_vector 
assignment is as follows: 


pin_name [subscript _set] = pin_set 


In pin_vector assignments, colon 
and comma can be used together for 
both symbolic and actual pin numbers. 
For example: 


= 3,4,5,6,7,8,9,18 can also 
be expressed as 


DATA [7:98] 


DATA(7:5,4,3:0] = 3,4,5:18 or also as 


DATA[7:@] = 3:16. 


This adds great deal 
flexibility, clarity, and conciseness 
to input specification. Instead of 
dealing with each pin individually, 
all of the pins together can be 
considered as a single unit. A set of 
pins that interfaces to a bus is a 
good example of where this can be used 
quite advantageously. This also 
provides a clear and powerful way to 
describe state machines. 


of 


DEFINE DECLARATION 


This section allows two types of 
declarations: MACROS and CONSTANTS. 


MACROS provide the capability of 
representing a complicated expression 
with a single symbolic name. Since, 
only the macro name and not the whole 
expression that it represents 1s used 
in the equation section of the program 
body, macros make specifications more 
concise. Macros also make design 
changes to be made easily. A single 
change to a macro definition is much 
easier to make than a change that must 
be repeatedly made throughout the 
equation section. 


CONSTANT declaration, while 
conceptually similar to a MACRO, is 
restricted to the assignment of a 
number to a constant_name. 


VAR DECLARATION 


Like Macro definition section, 
this is an optional section, and is 
used to declare all the variables used 
in PLPL program. It begins with the 
keyword VAR, follwed by a 
variable list and is terminated with a 
semicolon. 


THE PROGRAM BODY 


PLPL is a block structured 
language and encourages modular 
programming. As seen in table l. 
program has at least a declaration 
body followed by a main program body. 
The main program body is bracketed by 
the keywords BEGIN and END. 


PLPL 
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Blocks of statements delimited by 
BEGIN and END; may appear in various 
locations with in the program. 
However, the last program body must be 
followed by a period. in PLPL, a block 
of statements bracketed by the 
statement operators BEGIN and END; is 
treated as a single statement. 


STATEMENT STRUCTURE 


Four types of statements are 
Supported in PLPL: 


o The Assignment Statements 
o The Conditional Statements 
o The Loop Statements 

o Function Calls 

ASSIGNMENT STATEMENT 


An Assignment statement consists 
of a variable identifier followed by 
the assignment symbol Or followed 
by a valid expression. Expressions 
that appear on the right hand side of 
an assignment operator come in two 
flavors: Boolean and Arithmetic. 


= = 


Boolean expressions consist of 
identifiers that represent pins and 
macros and logical operators combined 
in the infix format (i.e., operators 
in between two operands). For example, 
assuming that the identifiers are 
defined appropriately 


Q_ OUT (1) * /RESET * HOLD + DATA[1] 
is a valid Boolean éxpression. 


Also, multiple assignments to the 
same variable are allowed in PLPL. If 
an identifier appears on the left hand 
side of more than one assignment 


statement in the program body, the 
actual "value" of this identifier will 
be the logical "OR" of each 


expression. 


An Arithmetic expression consists 
of numbers, constants, and variables 
combined with arithmetic operators in 
the infix format. PLPL supports only 
integer expressions. In integer 
expressions, all variables, constants 
and results of functions must be 
integers. 





CONDITIONAL STATEMENTS 


PLPL provides two types of 


conditional statements - to support 
either binary decision capability or 
multi-way decision capability. These 
two statements are:. 


O IF-THEN~ELSE statements 
o CASE statements 


IF-THEN-ELSE statement is used to 
make binary decisions. Figure 4 and 5 
show the examples of IF-THEN-~ELSE 
Statements. Since, the ELSE part is 
optional, the ELSE is concatenated 
with the closest previous ELSE-less 
IF. : 


The CASE statement provides 
multi~way decision making capability. 
It causes a branch to one of several 
statements depending on the value of 
CASE argument. This statement is quite 
powerful in specifying state machines. 
Used in state machine design, the CASE 
statement can merge with the IF 
condition so that a state diagram can 
be directly translated into a PLPL 
specification. This statement is also 
quite powerful for handling memory 
address range for address decoding 
functions. Figures 6, and 7 
illustrates the use of CASE statement 
for handling memory address ranges for 
address decoding. 


LOOP STATEMENT 


For controlled looping, PLPL 
Supports a high level FOR construct. 
This construct allows execution of a 
loop with the automatic incrementation 
of a counter variable. FOR loops 
provide a simple way to evaluate many 
expressions that incorporate pin 
vectors. This is quite powerful for 
compacting equation specifications. 
Compact yet completely understandable 
Specifications can be created with 
minimal effort. Figure 8. illustrates 
the use of FOR statement. 
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FUNCTION CALLS 


; PLPL Supports three types of 
FUNCTION CALLS (predefined functions): 


Oo ENABLE () 
o ARESET () 
o SET () 


The ENABLE function is used to 
selectively enable output pins in a 
device; and the arguments to the 
function must be output or input/ouput 
pins. Typically this function is used 
in conjunction with the IF statement. 
If a call to this function never 
appears in a specification, pins 
defined as outputs are assumed always 
enabled. 


- ARESET is function provided 
specifically for the AmPAL22V1@, and 
is used to cause an asynchronous RESET 
of the output registers. SSET is also 
a function provided specifically for 
the AmPAL22V1@. A call to this 
function causes a synchronous set to. 
occur, i.e., the output registers are 
set toa high state. Since, both the 
ARESET and SSET mechanism apply to all 
the outputs, all the arguments to the 
functions are ignored. 


a 


FUTURE TRENDS IN SOFTWARE SUPPORT 


For software support of existing 
and future, complex programmable logic 
devices, most of the efforts are being 
spent on the development of high level 
language based advanced software 
package. Technology indepenedent, 
device independent, and programmer 
independent software tools are 
becoming mandatory for wider 
acceptance of these devices. Complete 
software packages - helping the 
designers with with all the aspects of 
the design processes are beginning to 
emerge. Also, with the development of 
advanced software packages, the 
architecture of these devices will be 
Made more transparent to the designers 
so that they will spend their time in 
solving the problems rather than 
incremental optimal utilization of the 
internal resources of the device. 


With the availability of these 
advanced software package such as 
PLPL, the tasks of the designers will 
be simplified. Instead of specifying 
the complicated designs by Boolean 
equations only, the designers will be 
able to specify them directly on state 
diagram level using High Level 
Language (HLL) type specifications, 
directly on engineering work stations. 
Software tools will help designer in 
specifying the problem, simulation of 
design verification, test vector 
generation, and post programming 
verification. Advances in programmable 
logic software will be integrated with 
capturing the schematic entry, direct 
state diagram level representation, 
state minimization, netlist 
generation, specfication of design at 
high level language, automatic 
simulation , verification and 
downloading into a programmer. The 
improved design methodology will allow 
the system designers to exploit their 
system systems knowledge without 
having to learn the internal details 
of particular ICs. It will result in 
better use of engineering talents and 
bringing down the cost of designing a 
product. 
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DECLARATION DECLARATIONS & DEFINITIONS 
BODY 
PROGRAM BODY LOGIC SPECIFICATION 
FIGURE 3 PLPL PROGRAM STRUCTURE 
PROGRAM HEADING DEVICE TITLE_SPECIFIER (PART_NAME) 
PIN DECLARATIONS 
DEFINITIONS 
DECLARATION MACRO DEFINITIONS 
BODY CONSTANT DEFINITIONS 
VAR DEFINITIONS 
BEGIN 
STATEMENT(S); 
BEGIN 
STATEMENT(S) 
END; 
BEGIN 
STATEMENT(S); 
PROGRAM END; 
BODY 
STATEMENT(S); 
END. 
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TABLE .1 FORMAT OF PLPL PROGRAM ORGANIZATION 


MANDATORY OPTIONAL 


Program Heading 
DEVICE 


TITLE_SPECIFIER 
(PART_NAME ) 





| Declaration Body x 
PIN LIST declarations x 


PIN VECTOR declarations 

MACRO definitions 

CONSTANT definitions x 
VARIABLE definitions x 


PROGRAM Body x 
BEGIN 


Statement 


Statements 
END. x 
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Figure 4 
Examples of valid IF statements 


Example 1 
BEGIN 


IF 
( 


/E 
) 
THEN 
CcCmA* B 
END. “Example of IF statement spanning multiple 


lines" 


Example 2 
BEGIN 


IF (a) THEN 
IF (b) THEN e = c; 
ELSE e = d; 


END. 
Example 3 
BEGIN 
IF (a) THEN 
BEGIN 
IF (b) THEN e = c ; 
' ELSE e = d; 
END; 
END. 


Figure 5 


BEGIN 
IF (a) THEN 
BEGIN 
IF (b) THEN 
BEGIN 
f=c; 
END; 
ELSE 
BEGIN 
fed; 
END; 
END; 
ELSE 
BEGIN 
f = e; 
END; 
END. 
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Figure 6 


Example for CASE statement 


‘The following two examples illustrate the use of CASE statement 
for handling memory address range for address decoding function. 
The first example illustrates decoding in a normal fashion. ” 


DEVICE test (Ampall6L8) 


PIN 
AlS = 1 
Al4 = 2 
Al3 = 3 
Al2 = 4 
All = 5 
/RESET = 6 
/MREQ = 7 
/MEML = 19 ? 
/MEM2 = 18 
/MEM3. = 17 
/MEM4 = 16 
/MEMS5 = 15 
/MEM6 = 14 
/MEM7 = 13 
/MEM8 = 12; 
DEFINE 
MEMOP = /RESET * MREQ; 
BEGIN 
"MEM1 is active from @9@0H to OFFFH" 
MEM1 = MEMOP * /A15 * /Al14 * /A13 * /A12; 
"MEM2 is active from 109@H to 1FFFH" 
MEM2 = MEMOP * /AlLS * /Al4 * /Al13 * Al2; 
"MEM3 is active from 2000H to 27FFH" 
MEM3 = MEMOP * /Al15 * /Al4 * A13 * /Al2 * /All; 
"MEM4 is active from 280@H to 2FFFH" 
MEM4 = MEMOP * /Al5 * /A14 * A13 * /A12 * All; 
"MEMS is active from 380@0H to 37FFH" 
MEM5 = MEMOP * /Al15 * /Al4 * Al3 * Al2 * /All: 
"MEM6 is active from 3800H to 3FFFH" 
MEM6 = MEMOP * /A15 * /Al4 * Al3 * Al12 * All; 
"MEM7 is active from 4900H to 5SFFFH" 
MEM] = MEMOP * /A1L5 * Al14 * /Al13 ; 
"MEM8 is active from 600@H to 7FFFH" 
MEM8 = MEMOP * /Al5 * Al4 * Al3 ; 
END. 
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Figure 7 


“the same example with the use of CASE statement" 


DEVICE test (Ampall6L8) 


PIN 
AC15:11] 


i 


Le5 "Doing the decoding just looking at bits 
Al5 - All only" 


/RESET 


ul 
ON 


/MREQ 7 


/MEM[1:8] = 19:12; 
DEFINE 

MEMOP = /RESET * MREQ; 
BEGIN 


CASE (A(C15:11] 
BEGIN 


“MEML is active from O@@0H to OFFFH" 
#BOGOSGSD, #BOGGG1) MEM{C1] = MEMOP ; 





“MEM2 is active from 10090H to 1LFFFH" 
#BO0G010, #BOG@G11) MEM{2] = MEMOP ; 


"MEM3 is active from 2008H to 27FFH" 
#B20100) MEM({3] = MEMOP ; 


“MEM4 is active from 2890H to 2FFFH" 
#BO00181) MEM(C4] = MEMOP ; 


“MEMS is active from 3800H to 37FFH" 
#B9@1190) MEM[5] = MEMOP ; 


“"MEM6 is active from 3800H to 3FFFH” 
#BO0@111) MEM{L6] = MEMOP ; 


"MEM7 is active from 4800H to SFFFH" 
#BO1002, #BG@1001), #BG@191G, #BG@1@11) MEM{7] = MEMOP 


=e 


"MEM8 is active from 6800H to 7FFFH" 
#BG1100, #B@1101), #BG1110, #B@1111) MEM(L8] = MEMOP ; 


END; 


END. 
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Example 


"the following two examples illustrate the use of CASE 
for handling address ranges for address decoding 


Figure 


for CASE statement 


DEVICE decoder (Ampall6L8) 


PIN 


BEGIN 


END. 


ENAB = 4 


D(@:7) = 12:19; 


CASE (ENAB) 


BEGIN 
@) 
1) 
END; 


/D(8:7] 
/D(9:7] 


8. 


43 


#Bl1l111111; 
DIG: 


"The same example treated different way" 


DEVICE decoder (Ampal16L8) 


PIN 


BEGIN 


END. 


ENAB = 


4 


SEL [1:3] = 1:3 
D[@:7] = 12:19: 


CASE (ENAB) 


BEGIN 


®) /D(@:7] = #B11111111; 
1) CASE (SEL[3:1]) 


END; 


BEGIN 


END; 
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1; 


1; 


1; 


statements 


Figure 9 
Some Examples of FOR statements 


Example 1 
BEGIN 


FOR (X = 8 TO 7) 


BEGIN 
QCxXx] = D(x] 
END; 
END. 
Example 2 
_ BEGIN 
FOR (X = 1 TO 8) 
BEGIN 
Y = X PLUS 1 ; 
Z = X MINUS 1; 
QCX] := LOAD*D(X] + HOLD*Q[X] + SHFTR*QLY] + SHFT1*Q(Z]; 
END; 
END. 
Example 3 
BEGIN 
PIN NUM _PLUS_1 = PIN_NUM PLUS 1; 
PIN NUM MINUS 1 = PIN_NUM MINUS 1; 
FOR (PIN_NUM = 1 TO 8) 
Q_OoUT [PIN_NUM] := LOAD * DATA [PIN_NUM] 
SHFTR * Q OUT [PIN_NUM_PLUS 1] 
SHFTL * Q OUT [PIN _NUM_MINUS 1] 
HOLD * Q OUT [PIN_NUM]; 


END. 
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3.7.9 Article Reprint 


Test Methods for Programmable Logic 


by Jenny Yee 
Product Planning Applications Engineer 
Advanced Micro Devices, Inc 
Sunnyvale, CA 94488 


Introduction 


The purpose of this paper is to 
investigate the methods used to test 
Programmable logic devices. Because 
these devices are user-programmable, 
they offer the user/designer the 
flexibility of defining the function of 
a device for a particular application. 
After the function has been defined the 
designer needs to verify that the 
function will work correctly in a 
programmed device. He needs a simple 
method that allows him to easily 
generate test patterns which reflect the 
functions he has defined. After 
function definition and verification, 
the design is implemented by programming 
a device. Since large quantities of 
devices may be programmed using the same 
design, testing is again called for, in 
order to insure that the devices are 
fully functional before they are 
integrated into systems. Because the 
objectives and methods of testing during 
design and programming are different, it 
is reasonable to examine them 
separately. 

The Design Process: Simulation 

The typical design process tends to be 
trial-and-error. The first attempt at a 
design usually gets modified. Because 
programmable logic devices can be 
quickly changed --- the old device can 
be pulled out, a new one programmed in 
seconds and plugged back into the system 
- they allow the designer a fast design 
cycle time. 


The necessity to verify that a function 
will work correctly before it is 


and flags 


actually implemented in a programmable 
logic device is analogous to the need to 
verify that a logic design using 
standard TTL devices is correct before 
the design is built. The method used in 
logic design to perform such 
verifications is logic simulation. This 
allows the designer to define a model of 
the logic structure on a system, subject 
the model to test patterns and use the 
outputs to determine whether the logic 
is correct. 


Simulation can also provide the 
necessary verifications for designers 
using programmable logic devices. 
Although the process is slightly 
different than TTL logic simulation, its 
purpose is the same. 


Figure 1 shows the basic flow of 
programmable logic device simulation. 
The simulator accepts a test pattern 
consisting of inputs (both device inputs 
and internal current state information) 
and outputs generated by the designer. 
The designer should create the patterns 
by specifying the input and output 
states expected during actual operation 
of the device. This is the best way to 
verify that the design is correct and 


the programmed devices will work 
properly the first time. Together with 
the device model, which is itself 


implicit in the simulator, the simulator 
generates outputs. It then makes a 
comparison between the outputs specified 
by the designer and those it generates 
any discrepancies. The 
designer determines if the error 
occurred in the function definition or 
in the test pattern and makes the 
necessary modifications. 
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DEVICE 
MODEL. 


[ SIMULATOR 


comm meme ree tee 


PASS SIMULATION 


ERRORS DETECTED 


BASIC PROCESS OF SIMULATION 
FIGURE... -d< 


Simulation can be recommended for 
programmable logic device verification 
not only because it can provide the 
necessary evaluations for an exact 
specification of the device, but because 
the required specification cf test 
patterns (inputs/outputs), or test 
vectors, can be easily generated and 
modified by the designer. The manner in 
which the designer presents the patterns 
is explicit. Figure 2 shows a test 
Pattern for a decoder in the PALASM 
function table format. (Note the forced 
inputs on the left and expected outputs 
on the right.) For this simple example 
the table is easily generated, but for 
more complex designs it may become 
cumbersome. 


Both combinatorial and sequential 
designs need to be verified using 
Simulation. Sequential devices have 
registers and internal feedback and 
combinatorial devices do not. 
Verification of combinatorial devices is 
a function of input conditions only, 
whereas sequential devices require a 
method by which registers can be loaded 
to some current state so next state 
transitions can be sequenced. Figure 3 
shows a test pattern for a shift 
register using the same PALASM* format. 
It lacks current state definition 


* PALASM is a trademark of and is used under 


Monolithic Mamarioas Tu We 


vv awasiue 


capability. The table must have register 
initialization in the first vector. All 
succeeding vectors then use the previous 
vector output as a current state. 


Advanced Micro Devices offers a hardware 
capability in its sequential 
Programmable logic devices called 
Preload, which allows the user to 
initialize registers to obtain a 
current state. This additional 
capability makes test pattern generation 
easier, but requires test support. The 
example in the following section will 
show how test patterns can be modified 
to utilize the hardware capability. 


Preload Vectors 


Advanced Micro Devices offers an 
upgraded version of PALASM called 
AmPALASM2@ that allows a user to specify 
a current state of the device, via 
Special Preload Vectors. A preload 
vector contains the letter P in the 
normal clock position of the function 
table and the desired current state in 
the output position. A vector in the 
Same form as Figure 3 that preloads a 
current state of all LOWs, or ZEROs, is 
shown below: 


P XXXXXXX X X LLG t 


license from 
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FUNCTION TABLE 


***Forced Inputs*******e***k Expected Outputs*** 


S2 Sl s@ D7 D6 DS D4 D3 D2 D1 vB 

Lob book Ub Oe. Ok Sh. 
L bL 4H Lb owb G&G G&G b&b HK L 
Lb oH L Lb bb G&G b&b #H LG tL 
L H 4H L b&b G&G H L bb 
H ob oL L FG G&G H BG b&b Lb t& 
H LH L G&G # & & LG: b Lb 
H HL bow 4 oh “& “Bb ob: 
H H 4H H L b&b G&G Bb &b tb b&b 
DESCRIPTION 


THIS DEVICE IMPEMENTS A 3 TO 8 DECODER. THE 
SAMPLE SHOWS THE DESIGN OF THE DECODER USING 
PAL. 


FIGURE 2 


FUNCTION TABLE 


; 
7 ****Porced Inputs***** *Input/Output* *Expected Outputs* 


CK Sl 36 D3 D2 Dl D@ OE SRISLO SLISRO Q3 Q2 Ql Qa 
; 

;LOAD AND SHIET RIGHT 

Co i shock: “bo ve cB. BE Zz Zz bo Geo Be: 4 
C H H X X X X L Zz Z LoL L 
Cc LG H X X X X L H L H L BFC L 
CL H x x % Ss 4 L L LH LG & 
Cc LH xX xX xX X L L H L G&G H OL 
Coie He Xe Oe wee EE G L Ee vis; 28 
e 

;LOAD AND SHIFT LEFT 

C LL H H H H OL Zz Zz H H H 4H 
C H H X X X X L Zz Zz H H H 4H 
C H GL xX X X X L H L H H H L 
Cc H LX X X X L H H H H L H 
C H LG xX X X X L L H H L H H 
GA: “bX OK. A H H H H H 4H 
e 

3; HOLD 

C H H X X X X L Zz Z H H H 4H 
DESCRIPTION 


THIS DEVICE IMPLEMENTS A SHIFT REGISTER. THE LAYOUT PROVIDED 
IS A DEMONSTRATION OF HOW THE SHIFT REGISTER MAY BE DESIGNED 
USING A PAL. 


FIGURE 3 


3-384 


An Alternative Approach to Simulation 


Although function tables are widely used 
for input/output specification, some may 
find them to be too rigid, tedious and 
cumbersome. There are methods to 
improve the format of presentation and 
manner of description that make the 
specifications much easier to generate 
and modify. The following shift 
register example will Suggest a more 
powerful alternative to the PALASM 
function table format presented in 
Figures 2 and 3. 


Beginning with the listing of the names 
of signals in the device, a suggested 
declaration list might appear as 


follows: 
IN CLK SEL[1:@] DATA[(3:@8] /OE; 
I_0 SRILO SLIRO; 
cs Q(3:9]; 
NS 7 


e 
OUT Q(3:8]; 


VAR abcd i; 
CONST LOAD = @ 
SHIFT _RT = 1 
SHIFT_LT = 2 
HOLD = 3; 


This list suggests that all signals of 
the device be identified in fields of 
their respective functions. The signal 
names are specified in fields us well. 
This procedure helps Clarify the 
function being simulated and also 
defines the structure of the function 
table itself. 


In this example, there are five fields 
to declare device information - 
INPUTS(IN), INPUTS/OUTPUTS(I_0), CURRENT 
STATE(CS), NEXT STATE(NS), and 
OUTPUTS(OUT) -=- but only four are 
actually used. The number of fields 
used in a function table depends on the 
the design being simulated. For 


. . . 
3 Arial Annian mav antly 
oxsenole. a combinagtorie! desiga may.” \ 


require the IN and OUT fields. 


The first declaration identifies the 
inputs(IN) followed by the list of 
signals: clock (CLK), select@ and 
Selectl (SEL[1:98}), data@, datal, 
data2, data3 (DATA[3:8])., output enable 
(JOE). It reserves a one-field bit for 
the clock, two bits for select, four for 
data, and one for output enable. Note 
that for the case of select and data, 
Signals are concatenated into a field to 
Simplify the identification of the 
vector list. 


The second and third declarations list 
I/O and current state(CS) entries, 
respectively. The I/O signals, SRILO 
(shift right input/shift left output) 
and SLIRO (shift left input/shift right 
output), are used to specify the state 
of the input or output bit being 
shifted. Current state is used to 
initialize the state of the registers. 
The fourth declaration identifies the 
next state (NS) entry. It is usually 
used in conjunction with current 
state(CS) to specify sequential state 
machine transitions. (It is unused in 
this example and actually does not need 
to be shown.) The fifth declaration 
identifies the output(OUT) pins 
(Q(3:0)). 


variables and constants are available 
and must be declared prior to use in the 
test pattern. They make the test 
pattern easier to understand and more 
convenient for the designer to generate. 
Variables allow the designer to generate 
a single vector .that may be used 
iteratively by simply changing the value 
of the variables. Constants allow 
meaningful names to be substituted for 
less descriptive numeric values for bits 
and fields. 


Figure 5 shows a complete function table 
for the shift register example. A 
Geclaration list with variables anda 
constants is included. The test pattern 
is represented between the BEGIN and END 
koywords. aA comment field (enclused in 


double quotes) above the test vectors 
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Shift Register Example 


Simulate 

IN CLK SEL[(1:0} DATA[3:@] 

10 SRILO SLIRO; 

cs Q(3:0); 

OUT Q(3:@)]; 

VAR abcd i; 

CONST LOAD = @ 
SHIFT RT = 1 
SHIFT LT = 2 

HOLD = 3; 
BEGIN 


Skek&kkkk keke INW HERA ARRARKEKEKKE 


keke JT OeeRRAS RRCORER 


JOE ; 


s**OuTe*" 
Q(3:8} : 





" CLK SEL[1:@] DATA[3:@) /OE : SRILO SLIRO : Q(3:0)" 

w " 
xX Xx x H : x Xx H x $ Zz H 
Cc LOAD abcd Ls: x xX H xX : abed ; 
Cc SHIFT RT X Lo: i d : abcd : iabe ; 
Cc SHIFT LT xX L 3 a i : abcd 3: bedi ; 
Cc HOLD X L 3 X xX : abed : abcd ; 

END. 

“Reserved Characters 

X = DON'T CARE C = CLOCK P = PRELOAD H = HIGH 

Z = TRI-STATE "COMMENTS" ~- = NOT APPLICABLE L = Low" 

FIGURE 4 


Specifies that the fields and signal 
inputs are in the same order as 
Previously specified. The IN field is 
first, followed by I_0O, CS, and OUT, as 
well as CLK preceding SEL[1:0], etc. 


The first vector of the function table 

tests the device's ability to generate 
tristate outputs. The output enable 
(JOE) is active LOW; forcing it HIGH (H) 
causes the outputs (Q[3:@6]) to be made 
tristate (Z). The rest of the signals 
in the vector are not required and are 
set to don't cares (xX). The second 
vector makes use of variables and 
constants to test a load function. The 
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constant LOAD in the select field is 
used to clarify what function is chosen. 
The data input ‘field contains the 
variable string (abcd), which is loaded 
into the outputs following the clock 
pulse. The clock (CLK) entry in the 
table has the letter C to signify a 
positive-edge-triggered clock pulse that 
causes the next state of the device to 
be entered. The third vector uses 
constants and vectors to test the shift 
right function. The data field is not 
required and is set to don't cares. 
Following the clock transition the 
Outputs will have the result of the 
Shift. The variable string (abcd) will 


have the variable (i) shifted in from 
the right, and the variable (d) will be 
shifted out. The succeeding vectors in 
the pattern may be understood in the 
Same way as those above. The result is 
that only five vectors specify a test of 
the shift register, as contrasted to 
twelve for only a partial definition in 
the PALASM format. 


The Production Process: Post-Programming 
Function Verification 


After a design is successfully verified 
it can be implemented on a device by 
programming the device's internal fuse 
array. A few or a great many devices 
may be programmed depending on the 
application of the design. Independent 
of the volume of devices, post- 
programming verification is necessary to 
insure that the devices are fully 
functional devices before they are 
integrated into systems. 


Post=-programming verification tests the 
functional capability of the programmed 
device using test vectors. These 
vectors are similar to the test patterns 
used in simulation, but more of them are 
needed. Cost and test time increase 
linearly with the number of vectors 
being tested. If the vectors are not 
readily available or complete, they must 
be generated by the user or a computer. 
For a user the task of generating the 
number of vectors needed for an 
extensive post-programming test can be 
tedious and error-prone. Post- 
programming vectors generated by a 
computer are more complete and accurate. 


Fuse Programming and Verification 


The fuse array is the internal element 
that defines the logic structure of the 
device upon programming. When the user 
obtains the device from the manufacturer 
all the fuses in the array are intact. 


Afker proagrammina, the array is a 


combination of intact and blown fuses. 
Depending on the selection of fuses that 
are required to implement the desired 
function. The programming of fuses is 
done by blowing one fuse at a time. As 
they are blown, the fuses are 
individually checked by the programmer 
for correctness. As soon as programming 
is completed, the user may also perform 
a global fuse array verification using a 
Programmer. Fuse array verify checks 
the fuse pattern on the device against 
the test pattern stored in the 
programmer's memory. The success of 
this verification partially indicates 
that the device is functional. 


Preload 


Preload is a hardware feature that has 
been added to the register circuitry of 
all AMD's registered programmable logic 
devices. This feature simplifies 
testing since current state of the 
registers can be set to a known value 
just like any other input. Thus the 
preload capability reduces the task of 
Sequential testing to the much easier 
combinatorial test problem. 


Figure 5 shows a simple example of state 
testing. Without preload it would be 
@ifficult to access state 3 without 
sequencing through states 8, 1, and 2. 
Furthermore, this process would be 
iterative for each test of state 3. 
With preload, state 4 can be entered 
directly and tested. Thus test time is 
Saved because less vectors are required. 
Power-up initialization is difficult te 
test. Typically, a state machine has 
additional don't care states that only 
affect power-up. Should any of these 
don't cares be entered on power-up the 
machine must be able to exit them to 
Start normal operation. Preload allows 
these states to be entered and tested to 
see if they can be exited. Preload is 
invaluable in the test methods examined 
in the next section. 
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Function Testing 


The different methods used for post- 
programming functional testing differ in 
how the input and output test vectors 
are generated and applied, and in how 
many vectors are needed. Functional 
testing methods for programmable logic 
devices fall into the categories of 
User-generated, Exhaustive, Pseudorandom 
and Path Sensitization. 


Of the four methods, user-generated 
requires the most amount of knowledge 
about the actual design. Someone, 
usually the designer, must generate the 
input and output test vectors. This 
method is very attractive if the vectors 
were already created for simulation or 
some other previous test. The level of 


testing can be tailored, but if a 


complete functional test is needed or 
desired, vectors required may be 
prohibitive. The simulation vectors of 
Figure 4 can be used for a complete test 
if the designer writes software that 
expands the number of vectors by using 
all the possible combinations of the 
variables and don't care inputs, and if 
the Preload facility is available. 


This method of testing is inadequate if 
the vectors are for some reason not 


readily available - for example, if pre- 
programming testing is done out of 
house. 


With exhaustive technique the designer 
attempts to test all possible input and 
current state combinations against all 
Possible expected outputs. Input and 
current state may be created simply by 
sequencing through the possibilities. 
The Preload facility is needed to 
generate the current states. The 
expected outputs either need to be 
calculated from the design specification 
with software, or some signature 
analysis technique on the output results 
must be employed. 


With this scheme 160% functional testing 
can be accomplished. An additional 
advantage is that if signature analysis 
is employed no vectors need to be 
Calculated. The disadvantage of this 
methods is that the worst-case number of 
vectors must be applied: 26-pin PAL™ 
requires 217or 128,800 vectors. While 
128,888 vectors might be applied 
economically, as devices get more 
complex, the number of vectors may 


become unmanageable. 


The Pseudorandom testing technique 
performs a device test by generating 
random test inputs and utilizing a 
Signature analysis on the output 
results. The advantages of this 
technique is that no vectors need to be 
calculated and the level of testing can 
be controlled by the number of vectors 
applied. This type of testing is useful 
for combinatorial and simple sequential 
designs, but is of little use on complex 
sequential designs since with random 
inputs it is not possible to apply the 
proper sequence of inputs to cause the 
Proper state transitions. Because of 
its random nature this technique can't 


* PAL is a registered trademark of and is used under license from 


Monolithic Memories, Inc." 
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User- Exhaustive Pseudo- Path 

Generated random Sensitization 
Method of 
Input Vector User Hardware Hardware Hardware 
Generation (Software) 

User Automatic Signature Automatic 
Output Vector (Software) / Analysis (Software) 
Generation Sig. Analysis 

Application 
# of Vectors dependent Worst-case Selectable Minimal 
Required (expandable 

with software) 
Test Vector 
Software Maybe Maybe No Yes 
Req'd 
Preload 
Capability Yes Yes No Yes 
Req'd 
Table 1 


make use of the important Preload 
capability which makes sequential 
testing easy when used with other 
techniques. 


Path Sensitization testing, also known 
as stuck~at-one/stuck-at-zero testing, 
has previously been used only in large 
test programs such as TEGAS. This 
technique attempts to isolate certain 
paths of a device and apply tests that 
assure that each path is functional. In 
the case of PALs, the paths tested are 
in the AND array matrix. Each gate must 
be isolated and tested for stuck-at-one 
and stuck-at-zero. 


The advantages of this technique are 
that 188% functional testing can be 
accomplished with few vectors, and 
Preload can be employed to make 
sequential testing simple. The 
disadvantage is that complex software is 
mecessary tc generate the test vectors. 


seSeuUvuuna 7 we ye eer SL 


As yet, no readily available path 


sensitization software has been shown to 
generate a list of vectors that 
guarantees 190% functional testing. 


A summary of functional test methods 
appears in Table l. 


Conclusion 


This paper has attempted to present test 
methods for the designer to use during 
the different stages of development of 
programmable logic devices. Simulation 
was recommended for verification during 
the design process, and its requirements 
and benefits were discussed. Several 
alternate methods were offered for 
verification of device functionality 
following programming and verification 
of programming. The ability to preload 
was shown to simplify sequential device 
verification; its requirements were also 
discussed. 
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DESIGN ENTRY 


Fuse-programmable chip 
takes command 
of distributed systems 


The first fuse-programmable controller 
eliminates bulky and expensive designs, freeing distributed 
intelligence to carve out a greater niche for itself. 


spawned the suburbs, standard microprocessor 


|: much the same way that cars and highways 
buses and add-on boards have distributed pro- 


cessing intelligence, revolutionizing the design of — 


digital systems. Breaking systems into independent 
modules shortens the design cycle, eases upgrades, 
and accelerates fault diagnosis. But despite these ad- 
vantages, an essential element has been missing: a 
one-chip controller geared specifically to the needs of 
distributed intelligence. 

Without that critical ingredient, engineers have 
been forced to turn to less than optimal solutions. 
One approach relies on boards packed with as many 
as 35 SSI and MSI devices. Another tack is to go with 
a powerful—yet costly—VLSI chip. Alternatively, a 
programmable logic device can be pressed into ser- 
vice, but such circuitry lacks the computing power to 
control peripherals. 

The missing element, a fuse-programmable con- 
troller chip, is now here. By mixing intelligence and 
control, the Am29PL141 stakes out new territory for 
distributed systems. The 20-MHz IC combines for the 
first time all of the elements of an intelligent micro- 
code controller. Its powerful sequencing logic steps 
through the controller’s 64-by-32-bit pipelined 
PROM. That fuse-programmable memory stores a 
user-defined microprogram drawn from a set of 29 
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microinstructions, including a repertoire of jumps, 
multiple branches (or case statements), and sub- 
routine calls. All can be executed conditionally, de- 
pending upon the outcome of one of eight tests. In 
addition, a serial shadow register on the 28-pin chip 
helps designers diagnose system troubles right down 
to a particular IC. (In the past, expediency often dic- 
tated that complex trouble-shooting be avoided for 
as long as possible.) 


Four basic blocks 


The controller comprises four main functional 
blocks. Three of them—the microaddress control 
logic, condition code selector, and microinstruction 
decoder —form the cornerstone of the controller, the 
address sequencer. The fourth is a microprogram 
memory (64 by 32 bits) with a pipelined register and 
serial shadow register (Fig. 1). 

For the most part, the elements of the address 
sequencer are fairly typical. Nevertheless, the way in 
which they are organized and connected, as well as 
the instruction set, make the chip unique. For ex- 
ample, the microaddress control portion of the 
sequencer contains one register for counting loops 
and another for stacking subroutine return address- 
es. Yet either register can be employed to double the 
capacity of the other. Consequently, the chip can nest 
two levels of loop counting or two levels of subroutine 
branching (the instruction set reflects those abili- 
ties). And the high degree of interaction between ele- 
ments, particularly within the microaddress control 
logic, makes necessary a highly sophisticated micro- 
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instruction set. 

The microaddress control logic is the brain of the 
address sequencer, since it generates the addresses 
that access the microinstructions. At any time, the 
address that is called depends on the preceding in- 
struction and the outcome of any conditional tests. 

Within the control logic, a program-counter multi- 
plexer supplies the PROM’s 6-bit address. The multi- 
plexer takes the address from a microprogram 
counter, incremented program counter, branch con- 
trol logic, or subroutine register. Because the pro- 
gram counter contains the address of the currently 
executing instruction, that instruction is executed 
again when the program counter is selected as the 
address source. As a result, the counter plays a fun- 
damental role in tallying loops and executing “wait 
until true” instructions. 

The incrementer holds the next address in the 
sequence, and is the expected source when no jumps 
are executed and no branch or subroutine conditions 
exist. When conditional statements like “if... 
then...else” and multiple branches pass the re- 
quired tests, or when unconditional jumps are exe- 
cuted, the branch control logic supplies the address. 
Finally, when the program calls a subroutine, the 
subroutine register supplies the necessary address. 

A multiplexer selects one of three address sources. 
If only one stack level is needed, the value stored in 
the subroutine register is chosen. When the count 
register feeds the subroutine register, however, it 
furnishes an additional stack level. The third source, 
the incrementer, supplies the subroutine’s return 
addresses. 


Doing double duty 


If not needed for a second subroutine level, the 
count register can, among other functions, execute it- 
erative loops and time external events. To accom- 
plish the former, the controller loads the register 
with the number of iterations to be run. Each iter- 
ation decrements the register until it reaches zero. 
The zero-detection logic associated with the counter 
informs the chip’s microinstruction decoding logic 
when the register “bottoms out.” 

Using the same logic, an instruction can be re- 
peated a set number of times. Repeated executions of 
the same instruction is a simple way to insert wait 
states and, therefore, build an interface to different 
microprocessors and peripherals. 

The count register is loaded from any of four 
sources: a decrementer, for normal loops; an instruc- 
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tion field; the subroutine register; and the branch- 
control logic. The last derives a 6-bit value from a 
data field in a microinstruction. 

The branch-control logic, a powerful block within 
the sequencer, calculates the 6-bit value either by ap- 
plying the microinstruction data field directly or by 
using it to mask the chip’s six test inputs, Ty through 
T;. In the second case, the masked input actually be- 
comes the branch address. Moreover, either the data 
field or masked test value serves as both a branch ad- 
dress and a count value. 

The same control logic also compares the masked 
test inputs to a constant in a microinstruction field. 
The outcome of this check affects a flip-flop. The lat- 
ter’s condition itself becomes a factor in deciding 
conditional branch and subroutine instructions. If a 
match occurs, the flip-flop is set. Alternatively, the 
flip-flop remains unchanged if there is no match. 
Because the flip-flop does not change when there is 
no match, it is particularly useful for comparing 
ASCII characters and other 6-bit fields, as well as for 
successively checking the chip’s test inputs. 


Controlling conditions 


A set flip-flop is one of the eight aforementioned 
tests that fulfills a conditional branch or subroutine. 
Through its condition-code selection logic, the con- 
troller is able to check each of its six test input lines, 
as well as the Condition Code input. Further, an 
exclusive-OR gate within the selection logic switches 
the meaning, or interpretation, of a test result. In 
other words, with no external hardware, a test condi- 
tion can be asserted either when a match occurs or 
when one does not. 

The final component of the chip’s sequencer sec- 
tion is the microinstruction decoder. That pro- 
grammable logic array generates the IC’s internal 
control signals based on the microinstruction being 
executed and the test results reported by the con- 
dition-code logic. | 

The IC’s fourth functional block comprises the 
fuse-programmable microprogram memory, pipe- 
lined register, and serial shadow register. The pipe- 
line register is 32 bits wide, and stores the micro- 


Instruction being run. The next address is caiculated 


by the sequencer and its contents is fetched from the 
microprogram memory. The upper 16 bits of the 
pipeline’s output remain within the chip to sequence 
addresses and control internal functions. 

Only the 16 low-order bits link to the outside, as 
user-defined control lines. Of these, the upper byte is 





Am29PL141 
fuse-programmable 
controller : control logic * 


Test inputs, 
To-Ts 





1. The 20-MHz Am29PL141 is the first complete microprogrammable controller chip, making it an important 
building block for distributed processing systems. Its powerful sequencing logic steps the controller through 
its pipelined PROM. The fuse-programmable memory is 64 by 32 bits. 
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put in the high-impedance state by setting a micro- 
instruction’s Output Enable bit to 0. Moreover, chips 
can be cascaded readily if more than 16 control bits 
are needed (Fig. 2). 

The serial shadow register, also 32-bits wide, sim- 
plifies device- and system-level diagnostics. It can be 
loaded in parallel with the contents of the pipelined 
register or loaded serially from the Serial Data Input 
pin. On the other hand, the serial register can also 
load the pipeline or shift data out serially. It also may 
simply hold the data sent to it. 

To check out the chip, an instruction is shifted 
serially into the shadow register and then loaded in 
’ parallel into the pipeline. Doing so forces the instruc- 
tion to be executed, and its results transferred back 









pe 5 
Bes fu 












2. When an application calls for more than 16 control bits, two or more chips can be 


from the pipeline into the shadow register. From 
there it is shifted out for diagnosis. If all the shadow 
registers in a system are tied together, a series diag- 
nostic loop is created that isolates a problem down to 
a single chip. 


The shadow fuse 


A separate fuse must be blown to set up the serial 
shadow register. When that is done, four pins are 
redefined to handle diagnostics. Specifically, the 
Condition Code and Zero lines and Output Data Bits 
6 and 7 become, respectively, the Serial Data In 
(SDI), Serial Data Out (SDO), Diagnostic Clock 
(DCLK), and Mode control lines. 

The strength of any controller—and the advantage 
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cascaded horizontally. The lower 16 bits of each of the chip’s 32-bit microinstructions 
(of which there are 29) serve to control a system’s components. Eight of these 16 con- 
trol bits can be put into a high-impedance state under microinstruction control; the oth- 


er 8 bits are always enabled. 
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of a microprogrammed system that employs it—lies 
in an engineer’s ability to specify the sequence in 
which microinstructions are executed. To ensure 
that ability, the controller executes all the basic 
high-level constructs required for structured micro- 
programming. Its 29 op codes include sequential in- 
structions, conditional instructions, dual branching 


forks, and multibranching case statements. Iterative. 


executions, like For, While, When, and Until, round 
out the set. In addition, Jump, Jump to Subroutine, 
Loop, and Compare instructions allow designers to 
store very complex algorithms in the chip’s 64-word 
memory. 

Instruction formats fall into two categories. The 
first is for general microinstructions; the second is 
for the chip’s Compare instructions. The latter com- 
pare a 6-bit test input to a masked constant. The 
Compare instructions are well-suited for character 
searches, as well as key searches in a look-up table. 

A single-precision, floating-point peripheral board 


| | FIFO register 
prEmoty | 


(2) Am29PL.141__ 
controliers 


Multiplexer | 


\ 


‘ Re, i . | # To P is ¢ five 


7 _ Status register | 


(Fig. 3) presents a good example of the part that the 
controller plays in a distributed system. As a micro- 
programmed design, the peripheral serves as an add- 
on math accelerator card that plays with different 
hosts and buses. The controller orchestrates the ac- 
tions of the floating-point processor, and various reg- 
isters, register files, and memory chips. 


Simple arithmetic 


The processor is simple to use, partly because it in- 
curs no pipeline delays. It conforms to IEEE and oth- 
er industry standards, and takes only a single clock 
cycle to add, subtract, or multiply. It needs five cycles 
to divide, using the Newton-Raphson method that in- 
verts one of the factors and multiplies. In operation, 
to divide X by Y the chip fetches the approximate in- 
verse of Y from a PROM-based table and multiplies 
it by X. One or two iterations of this method increase 
the initial accuracy. 

The floating-point board works with a microword 
















Dual-access 
regiater files 
(Am29334) 





OperandR  Operand 8 





Inatruction Floating-point 
processor 
#4 Enable (Am29325) 





thai | Final Result _ 


3. In a typical application, the controller oversees the workings of a floating-point pro- 
cessor board. Host instructions sent to the FIFO and instruction registers initiate sub- 
routines in the controller that generate the signals that run the board. Two controllers 
are employed to supply the necessary number of control signals. 
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of at least 25 bits, 9 more than available with one con- 
troller. Thus the design employs two controller chips. 
The floating-point processor requires five command 
bits. Three are instructions and two select the input 
source. It also needs three control bits to enable its 
trio of data registers. Two other chips (each a dual- 
access four-port register of 64 words by 18 bits) tem- 
porarily store commands. They accept 12 register ad- 
dress bits (6 for source and 6 for destination) from 
the host or the controller’s microprogram memory. 
Data passes to and from the host through input 
and output registers on the board, which call for 
their own enable signals. Another bit is needed to ad- 
vance the FIFO instruction register. One is necessary 
to enable and another to select a status word. (The 
floating-point chip supplies status information, 
which is available to the controller through its test 
inputs as well as to the host through the register file.) 
Seven control bits are left for miscellaneous tasks. 
Operation begins when at least one 16-bit instruc- 
tion is loaded from the host into the peripheral’s 
FIFO register. The instruction consists of a 4-bit op 
code, a 6-bit source-register address, and a 6-bit ad- 
‘dress for the second source register, which also stores 





4. Loading an instruction into the FIFO starts the pe- 
ripheral and activates the controller, which loads an 
external instruction register and decodes the op 
code field. The op code initiates a subroutine in the 
controller, issuing the proper control signals, ad- 
vancing the FIFO register, and loading the next 
instruction. 


the results. Until an instruction is received, the con- 
troller is in the wait state (Fig. 4). When an instruc- 
tion arrives, however, the FIFO’s Empty signal acti- 
vates the controller, which then reads the command 
from the FIFO into a separate instruction register. 
The controller also loads the instruction’s op code in- 
to its test inputs. It then masks the two unused test 
bits and jumps to a subroutine that performs the 
operation specified by the op code. After completing 
it, the controller advances the FIFO register to load 
the next instruction. 

The peripheral executes up to 16 op codes. The first 
eight are single-cycle operations and identical to 
those of the floating-point processor. They consist of 
addition, subtraction, multiplication, and format 
conversion instructions. The remaining op codes are 
used to load, store, and divide data, and a multiple cy- 
cle instruction multiplies and accumulates values. 
The four remaining op codes can be defined by the 
user to implement application-related operations. 

Software and hardware tools are a necessary part 
of such projects as the foregoing peripheral. The soft- 
ware assembles high-level microprograms and a 
JEDEC output file that specifies the fuse pattern to 
be burned into the PROM array. Currently, a pro- 
gram called Fuse Formatter, which runs on the IBM 
PC personal computer, lets designers enter hexadeci- 
mal code that corresponds to PROM data. From that 
code, the program creates a file that is downloaded 
directly to one of several PROM programmers. The 
latter blow the corresponding fuses in the micro- 
program memory and are the only required hard- 
ware tools.O 
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*** * hen it comes to generating 
* complex, high-resolution dig- 
ital waveforms, Advanced 
Micro Devices’ Am2971 picks up 
where older parts leave off. Precise 
time delays once required the use of 
either a hybrid structure consisting 
of an analog delay line combined 
with digital logic or costly counters 
driven by high-frequency clocks. On 
the one hand, analog delay lines have 
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short enough tap-to-tap time delays, 
or resolutions, to be usable for han- 
dling the tighter timing relation- 
ships of dynamic and static RAMs. 
However, those lines cannot also ac- 
commodate the longer total delays 
needed by these devices. 

On the other hand, the desired 
waveforms can be obtained digitally 
from the outputs of one or more 
binary counters. But to achieve reso- 
lutions of 10 ns, counters must be 
driven with 100-MHz clock frequen- 
cies, which are difficult to distribute 
around a board. 

The programmable event genera- 
tor (PEG) a monolithic IC, offers 
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a more elegant solution for the prob- 
lem of generating complex high- 
speed timing waveforms (see Fig. 
1). Applications for the PEG (see 
box, “A new PEG in the designer’s 
tool box”) range from simply cor- 
recting the clock skew that results 
from distributing a clock signal on 
a backplane to generating complex 
state-machine timing, The PEG’s 12 
output lines can be programmed by 


EVENT | EVENT 
] 2 











Fig. 1. In response to a logic tran- 
sition on its trigger (TRIG) input, the 
PEG will generate 12 simultaneous 
user-programmed timing waveforms 
on its To to T1 output lines. 


the user to assume either a logic- 
high or a logic-low level within each 
of 32 time slots or events. The fre- 
quency of these events—that is, the 
frequency of the output waveforms 
—is also programmable. But it is the 
precision and resolution of these 
waveforms that is the PEG’s claim 
to fame (see Fig. 2). 


internal operation 

The PEG is an edge-triggered 
logic device that generates a pre- 
programmed digital waveform in 
response to a triggering signal. It 
consists of four basic blocks: a next- 
address and event store, a start-ad- 
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dress store, an oscillator and. clock- 
control block, and control logic (see 
Fig. 8). A total of 623 user-program- 
mable platinum- silicide fuses, simi- 


_. lar to those used in AMD’s bipolar 


PROMs and programmable array 
logic devices, are located throughout 
these blocks. 

- When the PEG’s fuses are being 
‘programmed, the 12 timing-tap out- 
puts (T, to T,,) are used as fuse- 
address inputs, A thorough descrip- 
tion of the procedure for program- 
ming the PEG can be found on its 
' data sheet, so for the purpose, of 
understanding what goes on inside 
the chip, let’s assume that it has al- 
ready been programmed. 

_ An output-timing sequence is ini- 
tiated by a logic transition at the 

TRIG input. Two user-program- 
mable fuses are located in the trig- 
ger-polarity block. One of them is a 
polarity-select fuse, which when un- 


Fig. 2.. Tap-t -to- neta acoiuion of an 


analog delay line (a) is not indepen-_ 


dent of its total delay time. However, 
the PEG’s 12 programmable output 
waveforms (b). are independent of 
one another. Resolutions down to 
10 ns can be easily obtained. 





programmed will cause the timing 
sequence to start during a negative 
transition of the TRIG input. If it 
is programmed, the sequence starts | 
when a positive transition occurs. 

The second fuse in this block is 
used to define the end of a timing: 
sequence. If this fuse is left unpro- 
grammed, the timing sequence is 
stopped on the trailing edge of TRIG 
pulse. Otherwise if the second fuse 
is programmed, the end of the tim- 
ing sequence is defined by the stop 
bits as programmed by the user into 
the next-address/event generator 
functional block. 


Customized waveforms 

A transition at the TRIG input 
latches three address bits, Ay to Ag, 
which are decoded by the start-ad- 
dress store, which serves as an 8 x 
5-bit mapping PROM. Each of its 
eight addresses represents a differ- 
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ent starting point for the 12 output 
waveforms. For example, three dif- 
ferent addresses in this store could 
be used to initialize output wave- 
forms that implement the read-, 
write-, and page-mode timing se- 
quences of a dynamic RAM. 

The five bits of each address are 
used to select one of thirty-two 18- 
bit locations from the next-address 
and event store (also a PROM). 
Each 18-bit string contains three 
groups of information. The first 5 


‘bits define the next address of the 


desired timing sequence. The next 
12 bits define the logic levels on each 
of the timing-output lines (Ty to 
T,,). The 18th bit is a sequence-stop 
bit. As the timing sequence pro- 
gresses from the first to the thirty- 
second event-store address, the out- 


put lines will produce 12 independent 


waveforms. 
The assumption so far is that the 
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stop-function fuse has not been 
programmed. If it has, the timing 
sequence will no longer stop on the 
trailing edge of the TRIG puise, The 
end of a timing sequence will instead 
be defined by the stop bit. When a 
timing sequence encounters a stop 
bit, the entire sequence comes to a 
halt, and the 12 timing-output lines 
remain at their current logic level. 

Each of the timing-waveform out- 
puts has a minimum useful cycle 
time of 40 ns (or 20 ns per change). 
When the PEG is operating at its 
maximum internal-clock frequency 
(f, = 100 MHz), the outputs must 
be programmed to remain un- 
changed for at least two clock pe- 
riods for each change of logic level. 
That is, although an output can only 
change a minimum of every 20 ns, 
the timing resolution between events 
among taps may be as low as 10 ns. 
When the PEG’s internal clock is 
programmed to operate at 50 MHz or 
slower, the timing waveform can he 
programmed to change once each 
clock period, And its clock-frequency 
range is low enough—from 7 to 20 
MHz—for the user to drive the 
PEG’s CLK input from the system 
clock via an internal clock input pin. 

Alternatively, the designer may 
opt for crystal control by connecting 
a7 to 20-MHz crystal to the X, and 
X, inputs of the PEG. And thanks 
to the five fuses within the oscillator 
and clock-control block, the user can 
also set the frequency of the output 
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Integrated Circuits 









INTERNAL CLOCK f, 





Fig. 3. The PEG consists of four basic blocks: a naxt-address and event store, 
a start-address store, an oscillator and clock-contro/ block. and control logic. 


waveforms. Four of these fuses are 
used to select f,. 

When an external crystal is used, 
the PEG’s internal phase-locked loop 
(PLL) will treat the crystal’s fre- 
quency as an input-reference fre- 
quency, f,, and will multiply it by a 
programmable value (1, 5, 10, 54, %, 
or !}%) to obtain the desired value of 
f, (see Fig, 4). Also an output-clock 
frequency, f,, is available on the 
CLKOUT pin. This output clock— 
whose frequency is either % or Mo 
of the internal-clock frequency-— 
may be used to synchronize the out- 





A new PEG In the 
designer’s tool box 
Designers no longer have to grap- 
ple with low-resolution analog de- 
lay lines or costly timing logic 
when high-speed waveforms are 
needed. The Am2971 program- 
mabie event generator, trade- 
marked PEG, from Advanced Mi- 
cro Devices has 12 output lines 
that can produce and accurately 
place logic transitions as short as 
20 ns, with a minimum waveform. 
to-waveform resolution of 10 ns. 


S$$S$$ 
Packaged in a 24-pin DIP, the. 
PEG is available for $12.07 and 
$17.75 ea/100 for plastic and ce- 
ramic parts, respectively, For 
details, call Robert Eminian at 
408-749-4411, or circle 351. 
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puts of the PEG with the remainder 
of the system. And speaking of sys- 
tems, the PEG comes in very handy 
for generating the specialty cycles 
offered by today’s DRAMs. 


DRAM-timing application 

Typically, the system designer 
must use more than one analog de- 
lay line and some external logic to 
produce the multiple CAS pulses 
needed for the page-mode cycles of 
some DRAMs. Timing designs using 
high-speed clocks and counters are 
equally cumbersome in this case. 
Once again, the PEG chip offers a 
streamlined solution because it_can 
readily generate the multiple CAS 
pulses, 

Another iob for the PEG comes 
about as a result of the use of multi. 
plexed address lines on high-density 
DRAM boards. Because the many 
address iines present a relatively 
large capacitive load to the multi- 
plexer, significant time delays are 
introduced in the address-timing 
wavetorms. 

Typically, a signai provided by the 
system switches one or more ad- 
dress-multiplexer ICs. This signal 
must be accurately timed to change 
state after time interval 1 in Fig, 5. 
The performance of the individual 
DRAM—and ultimately of the entire 
memory system in which it resides—. 
depends on reducing interval 2 as 
much as possible. Interval 1 is 15 to 
20 ns in most standard DRAM spe- 
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X IS A7 TO 20-MHz AT-CUT 
PARALLEL-RESONANT CRYSTAL 


(a) 


CLKOUT (fo) 


Fig. 4. The PEG can be clocked by 


an external crystal (a) or by the sys- 
tem clock. On-chip programmable 
clock-contro! logic (b) enables the 
user to set the internal-clock fre- 
quency, fe. 


cifications. Thus, a resolution of 10 
to 15 ns is desirable for the DRAM- 
timing waveforms—an easy job for 
the PEG. 
What’s more, the PEG can be used 
to generate the necessary timing 
~ waveforms for multi-array mem- 
ories too. In video-DRAM systems, 
for example, the rising edge of the 
transfer-enable signal, TRG, must 
be accurately placed relative to the 
rising edge of the serial-port clock 
signal, SC. When the PEG is used to 
generate both waveforms, the de- 
signer has full control over the reso- 


RAS 


CAS 


aooR XKPOW 0 XXX 


WE 


DATA 
OUT 


lution between the rising edges of 
the TRG and SC signals. 





More events and/or channels 

In some applications, 12 output 
channels are sufficient but more than 
32 event states are necessary. These 
additional states can be obtained by 
connecting two PEGs as shown in 
Fig. 6. After PEG 1 has cycled 
through its 32 states, its T, line 
triggers PEG 2. The second PEG 
will then begin its timing sequence 
at the start address specified by PEG 
1. If necessary, the clock frequency 
of PEG 2 may be changed by using 
the clock output of PEG 1 as the 
clock input to PEG 2. Otherwise, the 
internal clocks and TRIG polarities 


Sa EAA AANAKK OXXXXXKX 


C09 iT 


Fig. 5. In this DRAM delayed-write cycle, interval 1 must be kept to within 10 
or 15 ns, and interval 2 must be as short as possible. When mounted on the 
same DRAM memory board, the PEG could be used to generate the RAS, 


CAS, and WE signals. 
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Fig. 6. By connecting two PEGs, de- 
signers can obtain timing waveforms 
that consist of more than 32 events. 


of the two PEG chips are indepen- 
dently programmable. | 

If the waveforms must be nested, 
one of the output taps of PEG 2 can 
be used to remove the TRIG signal 
from PEG 1. PEGs can also be par- 
alleled for applications in which 32 
event states are sufficient but more 
than 12 output channels are needed. 
For example, when 12 to 24 channels 
are needed, the designer can simply 
drive two PEG chips with the same 
input signals and use as many of the 
output lines as necessary. 0 
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3.7.12 Article Reprint 


PLDs implement 
encoder/decoder 


for disk drives 





By using software to define programmable 
logic devices as run-length-limited encode! 
decode systems, you can design disk-drive 
systems that have 50% more data-storage 
capacity than drives that implement the 
MFM code. : 





Arthur Khu and Rudy Sterner, 
Advanced Micro Devices Inc 


When you're designing a disk-drive system, you can 
implement run-length-limited (RLL) 2,7 encoding/de- 
coding circuitry in your design by using only three 
programmable-logic devices (PLDs) and two shift reg- 
isters. You design the encoder and decoder as state 
machines and use the timing diagrams to determine 
what the timing and control signals must be. 

To create a disk controller with encoding/decoding 
features, you can use three AmPAL22V10 PLDs and a 
disk controller such as the Am9580/Am9582 chip set 
(Fig 1). The Am9580 hard-disk controller and the 
Am9582 disk-data separator perform all the general 
disk-control functions. The PLDs have appropriate 
architectures for implementing the encoding and decod- 
ing state machines. Further, you can reprogram the 
PLDs to implement higher density ratios for data 
encoding, and you can increase your system’s speed 
simply by using faster PLDs. 

An RLL code is a code in which the number of zeros 
between ones—the run length—is definite. The “2,7” 
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designation means that the code for the binary data 
string has at least two and at most seven zeros separat- 
ing the ones. RLL codes increase the density of data 
stored on a disk by reducing the number of recorded 
pulses (ones) necessary to represent a given amount of 
data. This reduction allows the disk-drive circuitry to 
pack the ones closer together, increasing the amount of 
data on the disk. 

In comparison with the (de facto) industry-standard 
approach, MFM, the RLL 2,7 code increases by 50% 
the amount of data you can store on a disk drive (see 
box, “RLL 2,7 code vs MFM code”). In addition, RLL 


| DISK-DATA- 


CONTROL && 





Fig 1—A complete disk controller requires only two VLSI ICs, a 
PLD-based encoding/decoding system, and a drive interface. The 
hard-disk controller and the disk-data separator provide generic 
disk-drive control, and the PLDs provide RLL 2,7 encoding and 
decoding, which increases disk storage capacity. 
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TABLE 1 — RLL 2,7 CODING RULES 
DATA | 2,7 CODE 


10 1000 


11 0100 


000 100100 
010 001000 
011 000100 
0010 | 00001000 


0011 | 00100100 





2,7 decoding circuitry recovers quickly from code-de- 
tection errors. 

As Table 1 shows, RLL 2,7 encoding circuitry trans- 
lates seven data strings into 2,7 code. You can break 
any binary non-return-to-zero (NRZ) data string into 
combinations of the seven data strings. To obtain the 


















TO CODE 00101100... 


CODE CYCLE 


CURRENT STATE 


CONTENTS 
OF 4-BIT 
INPUT 
SHIFT 
REGISTER 
INREG 







BIT TO CODE 













2-BIT LOOK-AHEAD 


SHIFT IN A NEW BIT 
BEFORE GOING TO 
CYCLE Ty 






(b) 





NOTE: STATES 0, 3, 4, AND 5 ARE USED FOR ADDRESS-MARK GENERATION 


To TC Ta 


SERIAL OUT fofo} 1 {o| SERIAL IN|SERIAL OUT <4] 0] 1{ 0] 1 f= SERIAL IN 





2,7 CODE TO 

LOAD INTO OUTREG 
NEXT 
STATE 


Fig 2—The encoder state machine (a) describes the translation of input data into RLL 2,7 code. The first two cycles in the encoding of the 


decoded data string, the circuitry matches the 2,7 code 
patterns with the seven 2,7 code strings in Table 1. 
Because 2,7 code strings have variable lengths (they 
can be 2, 3, or 4 bits long), your design will need control 
logic that controls the output from the encoder/decoder 
as translation takes place. Encoding and decoding state 
machines (Figs 2 and 3) implement this control logic 
from the code in Table 1 (see box, “Convert RLL 2,7 
code to a state machine”). The encoding state machine 







KEY: 
DATA BIT TO 
CODE 


d(01}«-2 LOOK-AHEAD BITS 
~.2,7 CODE FOR 
DATA BIT 0 


AMC IF ADDESS MARK 
60. SIGNAL HIGH, 
“SS: 2,7 CODE PRODUCED 


BIT TO CODE BIT TO CODE 





2-BIT LOOK-AHEAD 
SHIFT IN A NEW BIT 
BEFORE GOING TO 
CYCLE Ta 


data string 00101100 (b) demonstrate how the encoder determines the correct code by examining both the bit to be encoded and the next two 


(look-ahead) bits. 
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During decoding, circuitry matches the 
RLL 2,7 code patterns with the seven RLL 
2,/ code strings to obtain the corresponding 
decoded data string. 





produces two 2,7 code bits for each data bit received. od, which requires suspended operation during encod- 
The decoding state machine, on the other hand, pro- ing and decoding. 

duces one data bit for every two bits of 2,7 code. The You can implement both of these encoding/decoding 
clocking scheme in these encoding/decoding state ma- 2,7 state machines with one PLD device (IC,) and two 
chines is simpler than the familiar table-look-up meth- shift registers (INREG and OUTREG) (Fig 4). To 








KEY: 
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(a) NOTE: STATES 0, 3, 5, AND 6 ARE USED WHEN DETECTING ADDRESS MARKS 
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CONTENTS SERIAL SERIAL 
OF 4-BIT 
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2-CODE-BIT LOOK-AHEAD 


SHIFT IN TWO NEW CODE 
BITS BEFORE GOING 
TO CYCLE S; 


DECODED DATA 
BIT TO LOAD 
INTO OUTREG 


NEXT 





SHIFT IN TWO NEW CODE 
BITS BEFORE GOING 
TO CYCLE Sa 








(b) 


Fig 3—This decoder state machine (a) represents the translation of RLL 2,7 code into an output data stream. To determine the correct output 
data, the decoder examines four code bits—two bits to be decoded and two look-ahead bits, as shown in the example in 6b. 
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Because the RLL 2,7 code contains two bits 
for every one lit of data, the timing cir- 
cuitry divides the clock signal for the coded 
data, producing a data clock. 


synchronize the encoder/decoder with the hard-disk 
controller, you use two other PLDs (IC, and IC3) to 
provide clock-generation and address-mark-control 
logic. IC, is a AmPAL22V10, which has sufficient 
capacity to implement the two state machines. IC», also 
an AmPAL22V10, utilizes the PLD’s large capacity and 
programmable output cells to implement the address- 
mark-control circuitry. An AmPALI6HD8 (IC3), which 
is sufficient for implementing the clock circuitry and the 
random logic, completes the design. 

To understand the state-machine implementation of 
the RLL 2,7 encoder, consider the state machine in Fig 


2. The encoding state machine begins in state zero; the 
first four bits of the data to be encoded are in the shift 
register INREG. For the data stream in the figure, the 
encoder, beginning in the first cycle (T) reads the first 
bit in the stream as 0 and sees that the next two bits 
(the look-ahead bits) in INREG are 0 and 1, respective- 
ly. According to the state diagram, the encoder pro- 
duces a 00 output because, as Table 1 shows, input data 
starting with 001 translates to a character string that 
starts with 00. The encoder then enters state 2, shifts 
the encoded 0 out of INREG, and shifts in the next 
(fifth) bit of the data to be encoded. 





RLL 2,7 code vs MFM code 


Although the RLL 2,7 and MFM 
coding methods can both in- 
crease a disk drive’s capacity, 
RLL 2,7 code is more compact. 
A disk drive that implements 
the RLL 2,7 code can, therefore, 
store 50% more data than can a 
drive that implements the MFM 
code. 

On the magnetic medium in 
the disk drive (hard-disk or flop- 
py-disk drives), binary data ap- 
pears as a change in flux (repre- 
senting a one) or as no change in 
flux (representing a zero). Be- 
cause the disk density is limited 
by the minimum distance be- 
tween flux transitions, the maxi- 
mum data density depends on 
how the data is encoded. 


DATA : 
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1 0 





0 









DATA : 1100710011 


C=CLOCK PULSE 


11 0011 
CODE : 0100 00100100 00100100 





/ ee 2,7 
| = = | AT 150% DENSITY OF MFM 











MINIMUM FLUX- 
TRANSITION SPACING 
0011 





0 






1 





0 







MFM is an RLL code with the | 


designation 1,3;1,2;1. RLL 2,7 
code (its full designation is 
2,7;1,2;3) allows a minimum of 


two zeros between each one, and 


MFM code allows a minimum of 
one zero. RLL 2,7 code can 
store as much as 50% more data 
in a given number of flux 
changes than can MF'M code; 
therefore, RLL 2,7 code can 
store as much as 50% more data 
on a given section of magnetic 







Fig A—Data storage that’s 50% more dense is the principal advantage of RLL 2,7 code 
over the de facto standard MFM code. Because it needs fewer transitions to describe 
data, the RLL 2,7 code takes up only 67% of the disk storage space that MFM code 


occupies. 


medium. 

Consider the example in Fig 
A. The data stream 1100110011 
is represented by eight transi- 
tions in MFM code, and by five 
transitions in RLL 2,7 code. 
When the disk drive uses the 
minimum distance between tran- 
sitions to record the RLL 2,7 
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" space is reserved for sector and | 


code, the RLL 2,7 code takes 
67% of the space that the MFM 
code takes, so it has space avail- 
able to store 50% more data. In 
most applications, the actual 
storage increase is between 35% 
and 40%, because some disk 






data-field markers. 
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In the second cycle (T,) of the encoding process, the 
encoder sees that the data bit is 0 and the two look- 
ahead bits are 1 and 0, respectively. According to the 
state diagram, when the encoder is in state 2 and sees 
010, its output is 00. As before, the encoder then moves 
to the next state (in this case, state 0) and shifts a new 
bit into INREG. The rest of the encoding process 
proceeds similarly. 

The decoding process is similar to the encoding 
process. The decoder, which is described as a state 
machine (Fig 3), accepts two input bits in RLL 2,7 
format and sees the next two coded bits as look-ahead 
bits. In contrast to the encoder, the decoder produces 
one output bit for every two input bits. 

To implement this encoder and decoder circuitry with 


Am9582 
DISK-DATA 
SEPARATOR 


DRIVE CONTROL 


READ 


FDDAM 
RG WG 


OUTREG 


4-BIT SHIFT REGISTER 
ft 


CODE/DATA 


IC, 
AmPAL22V 10 
RLL. 2,7 


Am9580 
HARD-DISK 
CONTROLLER 


AmPAL16HD8 
GLUE LOGIC 


BINARY DATA 


PLDs, you can use PLD-design tools such as CUPL 
from Personal CAD Systems Inc (San Jose, CA) and 
Abel from Data I/O Corp (Redmond, WA). These 
software tools include syntaxes that you can use to 
describe state machines as well as general logic equa- 
tions. 

To control the rate at which IC, (in Fig 4) receives 
data and code, IC, and IC; implement the timing signals 
shown in Fig 5. Three signals (Read, Write, and 
Code_Clock) from the hard-disk controller and disk- 
data separator form the basis of the timing signals. 

First, the timing circuitry produces a clock signal, 
Rd_Clk, from the Code_Clock signal that originates at 
the disk-data separator’s FDDAM output. Because the 
RLL 2,7 code contains two bits for every one bit of 


DRIVE 
INTERFACE 


IC2 
AmPAL22V10 
ADORESS-MARK 
GENERATOR/ 
DETECTOR 


CONTROL SIGNALS 


2,7 CODE TO/FROM DRIVE INTERFACE 





Fig 4—The encoding/decoding circuitry includes three PLDs. IC; implements the encoding and decoding state machines. IC, monitors IC; 
and provides special timing and input signals. IC; implements glue logic and timing signals. 
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Before the disk-drive system can decode data 
on the disk, tt must synchronize itself with 
the disk’s data clock to find out when the 
data bits begin. 


data, the timing circuitry divides the clock signal for 
the coded data (Code_Clock), producing a data clock 
signal, Rd_Clk. The timing circuitry then uses Code— 
Clock and Rd_Clk to control the timing of shift- 
register control signals Shift_Out and Shift_In. 

To obtain the equations you need to program the 
PLDs, examine the timing diagrams. The timing dia- 
grams show that the state-machine design requires 
only a few timing signals to implement the controller. 


Because the timing circuitry loads and shifts data 
produced by IC, at the points indicated on the timing 
diagram in Fig 5, the only clock signal that IC; requires 
to code or decode data in INREG is the Rd_Clk signal. 

To control the transfer of data and code, the Shift_In 
signal latches data or code into INREG, and the 
Shift_Out signal controls the output of OUTREG. For 
example, when encoding data, the encoder produces 
two bits of code on each rising edge of Rd_Clk. Because 





Convert RLL 2,7 code to a state machine 


You can use a simple algorithmic 
procedure to convert a code 
table to an encoding state ma- 
chine. For each row of the code 
table, you create a simple 2- | 
state expression for the conver- 
sion of the data into the code. 
Then you combine the expres- 
sions into one state machine for 
the entire table. 

For the code in Table 1 of the 
accompanying article, you con- 
sider each data bit and the asso- 
ciated pair of bits of RLL 2,7 
code. For example, the first row 
of the table contains two data 
bits: one, which is associated 
with the code 10, and zero, 
which is associated with the 
code 00. The state machine for 
this row begins in state zero 
(which is arbitrarily assigned) 


DATA TO 


{ 
RLL 2,7 CODE 





Fig A—Creating a state machine from a code table is a 2-part process. First, you 
create a simple state machine for each row in the table, and then you combine the state 
machines into one state machine for the whole table. 


(a) STATE TRANSITION FOR . 
2,7 DATA ROW 10 


(c) ENCODE DATA ROW 11 { 
USING THE SAME PROCEDURE 


(b) DATA ROW 10 IS 
COMPLETELY CODED 
BY THIS STATE 
MACHINE 


(d) COMBINE THE STATE 
MACHINES FOR DATA 
ROWS 10 AND 11 


and changes state when it sees 
that the first data bit is a one 
and the next bit (the look-ahead 
_ bit) is a zero. This change of 
state, which appears graphically 
in Fig Aa, results in the out- 
put 10. 

Note that the state machine 
must evaluate the look-ahead 


bit. If this bit is a one instead of 


a zero, the input data will be 11, 
- corresponding to the second row 


| of the table, so your state ma- 


_ chine must generate a 01. For 


this code table, no more than 
two look-ahead bits are neces- 
sary for encoding any data bit. 

If the state machine is in state 
one, and the input data is zero, 
the state machine produces a 00 
output and returns to state zero 
(Fig Ab.) Note that the data bit 
encoded in this state is the look- 
ahead bit from the previous 
state and that no look-ahead bit 
is necessary for encoding be- 
cause the zero is the last bit in 
data row 10. 
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You use this procedure to cre- 
ate state machines for the other 
table rows as well. Fig Ac, for 
example, contains the state ma- 
chine for data row 11. Because 
all the state machines have the 
same beginning state (state 
zero), you can combine them to 
form the complete encoding 
state machine. Furthermore, the 
state machines may share other 
states, as shown in the combina- 
tion of the two data rows 
(Fig Ad). 
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the Load signal is high at the same time that Rd_Clk is 
high, the bits are loaded into the shift register. Because 
the frequency of Shift_Out is twice that of Rd_Clk, 
Shift_Out shifts both encoded bits out before the next 
encoded bits are loaded. Shift_In presents the next 
data bit to the encoder at the same time that the second 
encoded bit is shifted out, starting the next encode 
cycle. 


READ:‘DECODE 
CODE CLOCK Sve eeeieeee 
gon TWO CODE BITS 
RD CLK 
LOAD | ( ( ( 
SHIFT_OUT | [\ [\ I\ | 
LOAD ONE DECODED DATA BIT 
READ | 
Dil IN TWO NEW CODE BITS 
SHIFT IN | i] Bima am LT LJ 


INREG AND OUTREG LOAD WHEN LOAD AND SHIFT ARE HIGH: 
THEY SHIFT WHEN LOAD IS LOW AND SHIFT IS HIGH 


LOGIC EQUATIONS: 


RO_CLK := /RD_CLK (A REGISTERED SIGNAL FROM IC2) 
SHIFT_IN = READ*/CODE_CLOCK+WRITE*RD_CLK 
SHIFT_OUT = READ*/RD_CLK+WRITE*CODE_CLOCK 


LOAD = READ+WRITE*RD_CLK 


CODE CLOCK : CODE-RATE CLOCK SIGNAL FROM FDDAM PIN 
ON Am9582 DISK-DATA SEPARATOR 


READ,WRITE : READ/WRITE MODE SIGNALS FROM Am9580 


HARD-DISK CONTROLLER 


RD_CLK : DATA-RATE CLOCK DERIVED FROM CODE_CLOCK 
SHIFT_IN : COMBINATORIAL SIGNAL FROM IC2 
SHIFT_OUT, LOAD : COMBINATORIAL SIGNALS FROM IC3 


Before the disk-drive system can decode data on the 
disk, it must synchronize itself with the data clock from 
the disk and find out when the data bits begin. To assist 
the circuitry in synchronization and initialization, you 
can place synchronization signals, as well as a marker 
indicating the beginning of data, at the beginning of the 
RLL code. When the RLUL circuitry reads these pat- 
terns, it’s ready to decode RLL data. 


WRITE/ENCODE 


OA 


CODE_.CLOCK 
ENCODE ONE DATA Saat 
RD..CLK 


( wee 2-BIT CODE 













SHIFT_OUT | | Ni | | | | | | 
SHIFT OUT SECOND BIT 
WRITE | 
SHIFT IN ONE V ee, 
SHIFT_IN | | | | | | 


Fig 5—The timing signals from IC; and IC; control the loading and shifting of code and data in the INREG and OUTREG registers. Note 
that the clock and shifting signals for the coded bits have twice the frequency of those for the data bits, a situation that corresponds to the 2:1 


density ratio between code and data. 
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If the decoder detects any pattern before tt 
detects the address marker, the circuit resets 
itself and begins the initialization sequence 
anew. 
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Fig 6—The ability to recover from an error is a useful feature of 


RLL 2,7 code. An error at cycle E2 results in incorrectly translated © 


data until the machine recovers fully. 





The synchronization field comprises a series of pat- 
terns that allow the phase-locked loop in the disk-data 
separator to synchronize to the frequency of the incom- 
ing data. These patterns represent the maximum fre- 
quency input. For RLL 2,7 code, that input is 100100, 
because this code has the fewest permissible zeros 
between ones. Using the highest possible frequencies 
minimizes the synchronization time, so the patterns are 

completed quickly. 

A marker that follows the synchronization field indi- 
cates the beginning of data. This marker, the address 
mark, must be distinct from all other code words. For 
example, you can use a pattern that violates the code 
rules, such as a string of zeros (this string is called “de 
erase” because it removes all flux transitions from the 
recording medium). Alternatively, you can use a pat- 
tern that obeys the code rules but is not a defined code 
pattern. In the examples in this article, the pattern 
00000100 identifies the beginning of data. Although this 
pattern is not a defined code word, it doesn’t violate the 
RLL 2,7 code rules as long as it’s preceded by no more 
than two zeros in a row. ; 

When the 100100 pattern is synchronizing the circuit- 
ry, the circuitry produces the Rd_Clk signal, which is 
in phase with the pattern. In order for the decoder to 
operate properly, the Rd_Clk signal must rise with the 
first one in the pattern and fall with the second one. 
However, because of the repetitive nature of the pat- 
tern, the circuitry could produce a falling edge of 
Rd_Clk on the first one in the pattern and a rising edge 
on the second one, in which case the circuitry would not 


be in synchronization with the beginning of the data. 

The encoding circuitry resolves this synchronization 
problem by inserting the pattern “0100” eight times 
between the synchronization field and the address 
mark. The phase-locked-loop system locks onto the 
0100 pattern, and the Rd_Clk control circuitry in IC, 
sets itself to decode the data correctly. 

To put the synchronization and marker data into the 
RLL 2,7 code on the disk, you must design the RLL 2,7 
encoder to produce the signals. When the signal WG 
(from the hard-disk controller IC3) goes high, the data is 
encoded to all zeros. The encoder translates the zeros 
as the synchronization pattern 100100, which is then 
stored on disk. 

Next, the address-mark-control (AMC) signal from 
the hard-disk controller sets an internal latch in IC;, 
producing the output Am_Latch, which forces IC; to 
put ones in the INREG register. The encoding circuitry 
codes the ones as the string 0100. After the eighth 0100 
pattern, IC, sets the Complt signal high. On sensing 
Complt, IC; writes the address mark. 

The encoding circuitry must have the first four data 
bits in INREG by the time the address mark is written. 
IC, writes two patterns for the address mark. At the 
start of the second address-mark pattern, IC, sets AMF 
(Address Mark Found) High and resets Am_Latch low. 
The assertion of AMF signals the hard-disk controller 
to begin shifting data into INREG for encoding. Be- 
cause four Rd_Clk cycles occur while the address-mark 
pattern is being written, the first four bits are shifted 
into INREG by the time the second address mark is 
written. 

The decoder circuit has two safeguards that prevent 
it from identifying the address-mark pattern incorrect- 
ly. First, the decoder must detect at least five 0100 
patterns before it acknowledges the address-mark pat- 
terns. Second, if it detects any pattern before it detects 
the address. mark, the circuit resets itself and begins 
the initialization sequence. 

IC, implements these two safeguards by monitoring 
the RLL code that IC, decodes. When the hard-disk 


controller asserts the RG and AMC signals, IC, sets 


Complt and Am_Latch low. IC2 sets Complt high when 
it detects the fifth consecutive 0100 pattern, enabling 
IC, to detect the address mark. If the input to IC, is 
anything other than a 0100 pattern or an address mark, 
IC, sets Complt low, and the initialization begins anew. 

If IC, successfully detects the address-mark pattern, 
it sets AMF high. The assertion of AMF causes IC; to 
set Am_Latch high, thus enabling the output of OUT- 
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REG to send decoded data to the hard-disk controller. 
Am_Latch remains high as long as RG is high. 

RLL 2,7 encoding also provides for error recovery. 
Whenever a disk-drive system reads code from a disk, 
the read/write heads or the transmission cables can 
cause transmission errors. One of the properties of 
RLL 2,7 code is that any single-bit error (for example, a 
coded one detected as a zero) will correct itself after a 
run of at most 16 correctly detected bits. 

In short, whenever a 2-bit pattern doesn’t match any 
of the expected patterns for a particular state of the 
decoding circuitry, the decoding state machine returns 
to state zero and generates a zero as a translation for 
the erroneous code bits. Then the decoder shifts the 
next two code bits into the INREG register and contin- 
ues decoding from state zero. 

In such cases, the decoding state machine can cor- 
rectly decode coded data, but it may not recover 
immediately upon returning to state zero. As Fig 6 
shows, although the code bits that the decoder detects 
may be valid, the decoded data is incorrect because the 
error has forced that state machine into the wrong 
state. In this example, the decoder doesn’t recover until 
6 code bits later (in cycle E6), when it again falls into 
the correct state and accurately decodes the data. EDN 
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4.1 
4.2 
4.3 


4.4 


4.5 


4.6 


4.7 


4.8 


4.9 


4.10 


4.11 
4.12 
4.13 


Field Programmable Logic Selector Guide 


Glossary 


“AmPAL16XX Family 20-Pin IMOX Programmable 


Array Logic (PAL) Elements 


AmPAL16XXD Family 20-Pin IMOX Ultra High- 
Speed Programmable Array Logic (PAL) 
Elements 


AmPAL18P8 20-Pin IMOX Programmable Array 
Logic 


AmPAL20EG8 IMOX-lil ECL Programmable Array a 
Logic 





AmPAL20EV8 IMOX-IIi ECL Programmable Array 
Logic 


AmPAL21VT8 24-Pin Dual-Clock Programmable 
Array Logic 


AmPAL22V10 24-Pin IMOX Programmable Array 
Logic (PAL) 


AmPAL22V10B 24-Pin IMOX Programmable Array 
Logic (PAL) 


AmPAL23S8 20-Pin IMOX PAL-Based Sequencer 
AMD 24-Pin Standard PAL Family 
AMD 24-Pin Enhanced PAL Family 


(Continued) 


4.14 AMD 24-Pin XOR PAL Family 


4.15 AmPALHC29M16/AmPALHCT29M16 24-Pin 
E?- Based CMOS Programmable Array Logic 


4.16 AmPALHC29MA16/AmPALHCTMA 16 24-Pin 
| E*-Based CMOS Programmable Array Logic 


4.17 Bipolar PROMs as Programmable Logic Products 
4.18 Am29PL141 Fuse Programmable Controller (FPC) 
4.18 Am2971 Programmable Event Generator (PEG) 


es 


by 
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Features of PAL Devices Advantages of AMD PAL Devices 
e High speed electrically programmable array logic elements e AMD's superior Bipolar technology ensures industry-leading speed/power families of 
e User customizable logic patterns, generated in minutes with PROM type program- PALS 
mers e Platinum-Silicide fuses and added test words ensure programming yields > 98% 
» Improves performance and reduces board area and cost of existing TTL SSI/MSI e Post Programming Functional Yield (PPFY) > 99.8% 
designs e Reliability assured through more than 70 billion fuse hours of life testing with no 
e Easy to use software design aids available failures 
e Security fuse prevents copying of logic by competitors e Full AC and DC parameter testing at the factory through on-board testing curcuitry 


e« Power-up reset simplifies state machine design 
e Industry-leading quality guarantees 
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INPUT OUTPUT _ | PGMMBLE LOGIC 
STRUCTURE STRUCTURE oE | op | STRUCTURE 


16HD8A 16 INPUTS: 8 OUTPUTS: EIGHT 8-WIDE 
16HD8L 6 Bidirectional 8 Dedicated, Active HIGH AND-OR 
16HD8 10 Dedicated 


16 INPUTS: 8 OUTPUTS: | 32x64 EIGHT 7-WIDE 
6 Bidirectional 6 Bidirectional and AND-OR 
10 Dedicated 2 Dedicated, Active HIGH 


16LD8A | 16 INPUTS: 8 OUTPUTS: | ) EIGHT 8-WIDE 
16LD8L 6 Bidirectional 8 Dedicated, Active LOW AND-OR-INVERT 
16LD8 10 Dedicated 


*16L8D 16 INPUTS: 8 OUTPUTS: EIGHT 7-WIDE 
*16L8BL | 6 Bidirectional 6 Bidirectional, AND-OR-INVERT 
16L8B | 10 Dedicated Active LOW 

*16L8AQ 2 Dedicated, Active LOW 

16L8AL 

16L8A 

16L8Q 

16L8L 

16L8 
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COMMERCIAL PRODUCTS ONLY : | | 
ARRAY | Loc. | PGMMBLE LoGIc 
SIZE PTs | OE | OP | STRUCTURE 











INPUT 
STRUCTURE 





OUTPUT 
STRUCTURE 








DEVICE NAME 



























*16R4D 16 INPUTS: 8 OUTPUTS: FOUR 8-WIDE 
*16R4BL 4 Bidirectional 4 Bidirectional BAe AND-OR | 
16R4B 8 Dedicated 4 Registered 4 FOUR 7-WIDE 
*16R4AQ 4 Feedback DED AND-OR-INVERT 
16R4AL 

16R4A 

16R4Q 

16R4L 






—16R4 






















16 INPUTS: 
2 Bidirectional 
8 Dedicated 

6 Feedback 


8 OUTPUTS: 
2 Bidirectional . 
6. Registered 


32x64 | 62 + 2 SIX 8-WIDE 
2 OE |PRG AND-OR 
PTs 6 TWO 7-WIDE 
DED AND-OR-INVERT 
EIGHT 8-WIDE 
AND-OR 




















16 INPUTS: 
8 Dedicated 
8 Feedback 


8 OUTPUTS: 
8 Registered 


*16R8D 
*16R8BL 
16R8B 
*16R8AQ 
16R8AL 
16R8A 
16R8Q 

- 16R8L 
16R8 










































15 18 INPUTS: 8 OUTPUTS: 36 x 72 64 + EIGHT 8-WIDE 
90 25 8 Bidirectional .8 Bidirectional, Active 8 OE AND-OR 
180 25 10 Dedicated HIGH or LOW 
55 35 
90 35 





















|\VARIABLE PTs: 
8-8- 
12-12-12-12- 
8-8 






20 INPUTS: 

8 Bidirectional 
11 Dedicated 

1 INPUT or CLK 


8 OUTPUTS: 

8 OLMs: Choose REG or 
‘COMB, Active HIGH 
or LOW 









10H20EV8 
10020EV8 
(ECL) 


40 x 90 


























10H20EG8 20 INPUTS: 8 OUTPUTS: 40 x 90 VARIABLE PTs: 
10020EG8 8 Bidirectional 8 OLMs: Choose LATCHED 8-8- 
(ECL) 11 Dedicated — or COMB, Active HIGH 12-12-12-12- 

1 INPUT or LE or LOW 8-8 
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MAX | MAX 






Log. | PGMMBLE 
PTs OE | op 
64+ |PRG|DED 

ED 






LOGIC 

STRUCTURE 
EIGHT 7-WIDE 
AND-OR-INVERT 


loc fax 


MAX MAX | MIN 

top teo lot INPUT OUTPUT 
mA | MHz / ns ns | mA STRUCTURE STRUCTURE 
2 N/A | 15 /A 1} N/A | 24 20 INPUTS: | & OUTPUTS: 
210 | 25 24 | 7 Bidirectional 
105 25 24 13 Dedicated 


N 
7 Bidirectional, Active LOW 
24 | 210 | N/A | 15 | N/A | N/A | 24 | 20. INPUTS: 
165 20 24 | 12 Dedicated 
165 25 24 8 Feedback 
is | 12 






DEVICE NAME 
20L88 

20L8A 

20L8AL 


















8 OE 
PTs 





nN 
pp 






1 Dedicated, Active LOW 






















TEN 3-WIDE | 




















20L10B8 10 OUTPUTS: 
20L10-20 8 Bidirectional AND-OR-INVERT 
20L10A 2 Dedicated 

105 25 24 









20L10AL 
20RP4B 





210 | 30 | 415 20 INPUTS: | 40 OUTPUTS: SIX (6-2)-WIDE 

























PRG|D 
PRG | PRG 








20RP4A4 210 | 25 25 25 15 6 Bidirectional 6 Bidirectional AND-OR 
20RP4AL 105 | 25 25 25 15 10 Dedicated 4 REG inverting FOUR 8-WIDE 
. 4 Feedback AND-OR 
20RP6B 210 | 30 15 15 20 INPUTS: 10 OUTPUTS: PRG STEN 8-WIDE 



































































20RP6A 210 | 25 25 25 4 Bidirectional 4 Bidirectional AND-OR-INVERT 
20RPGAL 105 | 25 25 25 12 Dedicated 6 Registered 
| 6 Feedback 
20RP8B 20 INPUTS: 10 OUTPUTS: PRG |TEN 8-WIDE 
20RP8A 2 Bidirectional 2 Bidirectional AND-OR 
20RP8AL 10 Dedicated 8 Registered 

8 Feedback 
20RP i108 20 INPUTS: 10 OUTPUTS: PRG/;|TEN 8-WIDE 
20RP10A 10 Dedicated | 10 Registered AND-OR 
20RP10AL 10 Feedback | 
20R4B 20 INPUTS: 8 OUTPUTS: PRG | DED |FOUR 8-WIDE 
20R4A 4 Bidirecticnal 4 Bidirectional AND-OR 
20R4AL 12 Dedicated 4 Registered FOUR 7-W!DE 

4 Feedback AND-OR-INVERT 


























20R6B 20 INPUTS: 8 OUTPUTS: 70 + PRG SIX 8-WIBDE 
20R6A 2 Bidirectional 2 Bidirectional 2 OE AND-OR 
20R6A4 12 Dedicated 6 Registered PTS TWO-7-WIDE 

6 Feedback AND-OR-INVERT 












EIGHT 8-WIDE 
AND-OR 


8 OUTPUTS: 
8 Registered 


20 INPUTS: 
12 Dedicated 
8 Feedback 










20R8B PRG | DED 
20R8A 


20R8AL 























FOUR 


20XRP4-20 20 INPUTS: 10 OUTPUTS: PRG | PRG 

20XRP4-30 6 Bidirectional 6 Bidirectional . (2-6)-WIDE 
20XRP4-40 10 Dedicated 4 Registered AND-OR-XOR 
20XRP4-30L 4 Feedback SIX 8-WIDE 





20XRP4-40L AND-OR-INVERT 
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MAX| MIN | MAX | MIN 
tep ts low 
ns ns mA 



















too INPUT 

ns STRUCTURE 
20XRP6-20 20 | 20 | 13 | 24 | 20 INPUTS: 
20XRP6-30 30 | 30 | 15 | 24 | 4 Bidirectional 
20XRP6-40 40 | 40 | 30 | 24 | 6 Feedback 
20XRP6-30L 30 | 30 | 15 | 24 | 10 Dedicated 
20XRP6-40L 40 | 40 | 30 | 24 
20XRP8-20 20 | 20 | 13 | 24 | 20 INPUTS: — 
20XRP8-30 30 | 30 | 15 | 24 | 2 Bidirectional 
20XRP8-40 40 | 40 | 30 | 24 | 10 Dedicated 
20XRP8-30L 30 | 30 | 15 | 24] 8 Feedback 
20XRP8-40L 40 | 40 | 30 | 24 






N/A} 20 13 24 20 INPUTS: 
30 15 24 10 Dedicated 
30 15 24 10 Feedback 
30 15 24 
40 30 24 


N/A Ss N/A | N/A | 24 | 20 INPUTS: 
15 


20XRP 10-20 
20XRP 10-30 
20XRP 10-40 
20XRP10-30L 
20XRP10-40L 


22P10B 
22P10A 












10 Bidirectional 







Nh 
> b 









22P10AL 12 Dedicated 
*22V10B - 10 | 24 | 22 INPUTS: 
*22V10AL 25 15 | 24 | 10 Bidirectional 
22V10A 25 15 | 24 | 12 Dedicated 
*22V10Q 35 25 | 12 

22V10L 35 25 | 24 

22V10 35 25 | 24 






N/A | 24 22 INPUTS: 





22XP 10-20 N/A 






22XP 10-30 24 10 Bidirectional 
22XP 10-40 24 12 Dedicated 
22XP10-30L. 24 





22XP 10-40L 


A ®Of ® ND 

ooooeo 
Nm — Owoanh — 
wed coy 
ow 


16 23 INPUTS: 
16 9 Dedicated 
4 Feedback 
4 Programmable 
~ 6 Internal 
Feedback 





40 OUTPUTS: 





PGMMBLE 









LOGIC 
STRUCTURE 


SIX 
(2-6)-WIDE 
AND-OR-XOR 
FOUR 8-WIDE 
AND-OR-INVERT 
EIGHT 
(2-6)-WIDE 
AND-OR-XOR 


OUTPUT 
STRUCTURE 


10 OUTPUTS: 
4 Bidirectiona! 
6 Dedicated 


ARRAY LOG. 
SIZE PTs 


40 x 90 86 + 
4 
OE 
PTs 
40 x 90 80 + 
10 
OE . 
PTs TWO 8-WIDE 
AND-OR-INVERT 


40 x 80 1TEN 


(2-6)-WIDE 
40 x 90 80 + 
10 OE 
PTs 










10. OUTPUTS: 
2 Bidirectional 
8 Registered 


10 OUTPUTS: 
10 Registered 
AND-OR-XOR 





TEN 8-WIDE 













AND-OR 
INVERT 


VARIABLE PTs: 
8-10-12-14- 
16-16-_ 
14-12-10-8 


10 Bidirectional 





10 OUTPUTS: 
10 OLMs: Choose REG or 
COMB, Active HIGH or LOW 





10 OUTPUTS: 
10 Bidirectional, Active 
HIGH or LOW 


40 x 90 TEN 
(2-6)-WIDE 


AND-OR-XOR- 


4 jVARIABLE PTs: 
PRG, |8-10-6-8-8- 
4 |12-10-10-12- 
; DED |8-8-6-10-8 





8 OUTPUTS: 
(plus 6 BSRs) 

4 Registered 

4 OLMs: Choose REG or 
COMB, Active HIGH 
or LOW 


x< 

_ 
ie) 
Nh 
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MAX i MAX | MIN 
a ta. ee ARRAY Loc. |PGMMBLE 
poe ns ns mA SIZE PTs OE | OP 
6 


INPUT 
STRUCTURE 


LOGIC 
STRUCTURE 


OUTPUT 
STRUCTURE 





















*HC29M16-35 120 35 29 INPUTS: 16 OUTPUTS: 58 x 188 176 + VARIABLE PTs: 
*HC29M16-45 120 - 45 | 6 3 Dedicated 16 1/O Logic Macrocells 8 OE, 8-8-8-8- 
(CMOS 1/0) 8 Dedicated REG/LATCH/COMB AR, AP, 8-8-8-8- 
| Feedback Active HIGH or LOW OBS 12-12-12-12- 
*HCT29M 16-35 24 | 120 20 35 27 6 1 CLK/LE/I PRELOAD 16-16-16-16 
*HCT29M 16-45 120 15 45 34 6 1 OE/I PTs 
(TTL 1/0) 16 1/O LMs 
*HC29MA16-35 120 20 27 6 29 INPUTS: 16 OUTPUTS: 58 x 184 128 + VARIABLE PTs: 
*HC29MA16-45 120 15 34 6 4 Dedicated 16 I/O Logic Macrocells 16 AR & 5-5-5-5- 
(CMOS 1/0) 1 OE/I REG/LATCH/COMB AP, 16 5-5-5-5- 
8 Dedicated Active HIGH or LOW CLK/LE, 9-9-9-9- 
*HCT29MA16-35 120 20 27 6 Feedback 4 OE, 13-13-13-13 
*HCT29MA 16-45 120 15 34 6 16 I/O LMs OBS & 
(TTL I/O) PRELOAD 
PTs 





KEY TO ABBREVIATIONS: 















Asynchronous PRESET 





fuax = 1/(ts + too) 


Under Development teo Max. Clock to Output Delay tep Max. Propagation Delay 
OE Output Enable COMB Combinatorial lot Min. Output Drive Current 
PT Product Term OLM Output Logic Macrocell LE Latch Enable | 
OP Output Polarity 1/O LM Input/Output Logic Macrocell OBS Observability 
REG Register(ed) lec Input Current ts Min. Setup Time 
AR Asyncronous RESET N/A NOT Applicable BSR Buried State Register 
SP Synchronous PRESET fax Max. Operating Frequency; DED Dedicated 
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DESIGN-AID SOFTWARE TOOLS FOR AMD PAL DEVICES 


Data I/O Corp. IBM PC or compatible 
10525 Willows Road N.E. .# DEC VAX (VMS, UNIX) 
Redmond, WA 98073 Apollo (AEGIS) — . 
(206) 881-6444 Sun Microsystems (UNIX) - 


DASH/GADAT | IBM PC or compatible : 
DASH/ABEL i | 
IBM PC or compatible 


DEC VAX (VMS, UNIX) 
| Apollo (AEGIS) 






















ISDATA 
Haid—und-Neu-Str. 7 
D-7500 Karlsruhe 
West Germany © 
(0721) 693092 


JMC PROMAC Division . 
2999 Monterey/Salinas Highway 
Monterey, CA 93940 
(408) 373-3607 


PALASM 
Personal CAD Systems inc. 
1290 Parkmoor Avenue 


CUPL) IBM PC or compatible 
DEC VAX (VMS, UNIX) 
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MMI PALASM | IBM PC or compatible | | 
(Public Domain) PC (CPM-80) 

| | | DEC VAX (VMS, UNIX) 
AMD PLPL IBM PC or compatible 
(Public Domain) | | 2 DEC VAX (UNIX) 7 
AMD ; AmCUPL IBM PC or compatible 
901 Thompson Place 
Sunnyvale CA 94088 } 
(408) 732-2400 | | . 
Valley Data Sciences . PERFECT IBM PC or compatible 

VISTA 


2426 Charieston Road 


















Mountain View, CA 94043 
(415) 968-2900 








AMD-QUALIFIED PAL PROGRAMMER MODELS 


Programmer | pares _ Socket 
| | oe Module Adapter 


MODELS 100A, 19, | LOGICPAK “303A-004 
29A, 29B ane: 308A —-O11A 
| ae eel | | 303A-011B- 
Not Required Not Required 
Ocean, NJ 07712 


~~ 803 FAM52 DA53, DA55S 
(210) 493-2420 | 


KONTRON ELECTRONICS, INC. MODEL-MPP-80S | Not Required | SA37 
1230 Charleston Road or EPP80 
Mountain View, CA 94039 


(800) 227-8834 
STAG MICROSYSTEMS MODEL-PPZ | ZM2200 Not Required 
ZL30A/ZL32 Not Required | Not Required 


528-5 Weddell Drive 

Sunnyvale, CA 94086 
$D1040 Not Required Not Required 
PAL Burner | 
VDS 160 _ % Not Required Not Required 


(408) 745-1991 
Not Required Not Required 


Vendor 


















DATA 1|/O Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 

Redmond, WA 98073-9746 
(206) 881-6444 





DIGILEC, INC. 
1602 Lawrence Ave. 
Suite 113 























STRUCTURED DESIGN, INC. 
988 Bryant Way 

Sunnyvale, CA 94087 

(408) 737-7131 


VALLEY DATA SCIENCES 
2426 Charleston Road 
Mountain View, CA 94043 
(415) 968-2900 


JMC PROMAC DIVISION 
2999 Monterey Highway 
Monterey, CA 93940 

(408) 373-3607 
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4.2 GLOSSARY 


PAL PARAMETER DEFINITION 
VOLTAGE 


Von (High-level Output Voltage) 
The minimum HIGH logic level guaranteed for all outputs 
under worst-case operating conditions. 


Vo. (Low-level Output Voltage) 
The maximum LOW logic level guaranteed for all outputs 
under worst-case operating condtions. 


Vin (High-level Input Voltage) 
The minimum HIGH level voltage that may be applied to any 
input that is guaranteed to represent a HIGH logic level. 


Vii (Low-level Input Voltage) 
The maximum LOW level voltage that may be applied to any 
input that is guaranteed to represent a LOW logic level. 


V, (input Clamp Voltage) 
The maximum input clamp voltage is a measure of the 
clamping capability of an input clamp diode provided on 
every input. The input clamp diode suppresses ringing due 
to transmission-line impedance mismatching. 


CURRENT 


lox (High-level Output Current) 
The current forcing condition used to test the HIGH fogic 
level, Von. 


lo. (Low-level Output Current) 
The current forcing condition used to test the logic-LOW 
level, Vo.- 


lu (High-level Input Current) 
The current measured into an input pin when a FiGH logic 
level is applied to the input pin. 


i, (Input Current with Maximum Input Voitage) 
The current measured into an input pin when the maximum 
allowable input voltage is applied to the input pin. 


i. (Low-level Input Current) 
The current measured out of an input pin when a LOW logic 
level is applied to the input pin. 


lozy (High-level Leakage Current) 
The current measured into a three-stated output pin when a 
high logic levei is applied to the output pin. The three-state 
condition is overriding a logic-LOW level output state. 


loz. (Low-level Leakage Current) 
The current measured out of a three-stated output pin when 
a LOW logic level is applied to the output pin. The three- 
state condition is overriding a logic-HIGH level output state. 


Is¢ (Output Short Circuit Current) 
The current out of an output pin when Voy; = 0.5 V is 
applied to an output that is in a logic-HIGH level state. 


lec (Power Supply Current) | 
The current into the Vcc terminal of the device when the 
device is in its maximum power logic condition. 


CAPACITANCE 


Cw ‘(Input Capacitance) 
The capacitance at an input pin at Vi, = 2.0 V andf = 
1 Mhz. 


Covr (Output Capacitance) 
The capacitance at an output pin or !/O pin at Voyr = 
and f = 1 Mhz. 


TIMING PARAMETERS 


2.0V 


tpp (Propagation Delay Time) 
The tpp parameter specifies the delay time for an output to 
switch logic levels as measured between a reference level 
on the input causing the output to change and a reference 
level on the changing output. 


(Output Enable Time, Three State to Active 
Output) 

The tpzx parameter specifies the delay time for a dedicated 
enable buffer to switch a registered output from a three- 
state to an active-HIGH or active-LOW logic levei, the 
standard load pull-up resistor must be disconnected to 
establish a LOW level during three-state for tz, measure- 
ments. 


tpxz (Output Disable Time, Active Output to Output 
Disable) 
The tpxz parameter specifies the delay time for a dedicated 
enable buffer to switch a registered output from an active- 
HIGH or active-LOW level to a three-state condition. Special 
measurement levels and loads are specified for these tests 
to minimize the effect of the test environment. 


(Output Enable Time, Three State to Active 
Output) 

The te, parameter specifies the delay time for a 
combinatorial or macrocell output to switch from a three- 
state to an active-HIGH or active-LOW level. The switching 
path is through normal inputs and special enable product 
terms associated with the outputs. The standard load pull- 
up resistor must be disconnected to establish a LOW level 
during three-state for t,,, measurements. 


ten (Output Disable Time, Active to Three-State 
Output) 

The ten parameter specifies the delay time for combinatorial 
or macrocell output to switch from an active-HIGH or active- 
LOW level to a three-state condition. The switching path is 
through normal inputs and special enable product terms 
associated with the outputs. Special measurement levels 
and loads are specified for these tests to minimize the effect 
of the test environment. 


t, (Setup Time) 
The ts parameter defines the minimum time a valid data 
level must precede a clock input edge to assure it is 
accepted by a storage device (e.g., register). 


t, (Hold Time) 
The t, parameter defines the minimum time a valid data 
level must be held after a clock input edge to assure it is 
accepted by a storage device (e.g., register). 


tco (tco:) (Clock to Output Time, External) 
The tco parameter specifies the delay between the active 
clock edge and a registered output switching to an active- 
HIGH or LOW level. 


tco2 (Clock to Output Time, Internal) 
The tco2 parameter specifies the delay between the active 
clock edge and a combinatorial output driven by feedback 
from a switching register. 


tpzx 
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GLOSSARY 


tp (tp) (Clock Period, External) 


The tp parameter specifies the clock period when registered. 


outputs are a function of both internal and external signals. 


tp. (Clock Period, Internal) 
The tp. parameter specifies the clock period when 
registered outputs are a function of internal signals only. 


tw (Clock Width) 
The ty parameter specifies the minimum clock pulse width, 
either HIGH or LOW level, that will still allow proper function 
of registers. In some cases simultaneous minimum width of 
both HIGH and LOW levels is not allowed. This is true when 
tp is greater than two times ty. 


FREQUENCY 


fax (fimax) (Maximum Frequency, External) 
The fax parameter is derived from the clock period (1/tp or 
1/tp,). It is equal to the maximum clocking frequency when 
registered outputs are a function of both internal and 
external signals. 


- A8 


fowax (Maximum Frequency, Internal) 
The foyax parameter is derived from the clock period (1/tpa). 
It is equal to the maximum clocking frequency when 
registered outputs are a function of internal signals only. 


ASYNCHRONOUS RESET TIMING PARAMETERS 


taw (Asynchronous-Reset Pulse Width) 
The taw parameter specifies the width of the asynchronous 
_ reset pulse. (The minimum value for this parameter is the 
~ worst case propagation delay minus the best-case 
propagation delay.) 


tan (Asynchronous-Reset Recovery Time) 
The tag parameter specifies the time for the asynchronous- 
reset signal to become inactive. . 


tap (Asynchronous-Reset Propagation Delay) 
The tsp parameter specifies the delay between the 
registered outputs to become. reset and the associated 
asynchronous-reset input. 


AmPAL*16XX Family 


20-Pin IMOX™ Programmable Array Logic (PAL) Elements 


DISTINCTIVE CHARACTERISTICS 


AMD's superior IMOX technology 

— Guarantees tpp = 15 ns Max. ''B" Versions 
High-Speed, Half-Power (‘'AL'') and Quarter-Power 
(‘'Q"') versions 

Platinum-silicide fuses and added test words ensure 
programming yields > 98% 

Post Programming Functional Yields (PPFY) of 99.9% 


@ PRELOAD feature permits full logical verification 

@ Reliability assured through more than 70 billion fuse 
hours of life testing with no failures 

@ Full AC and DC parametric testing at the factory through 
on-board testing circuitry 
AMD's industry-leading quality guarantees 


GENERAL DESCRIPTION 


AMD PAL devices are high-speed, electrically programma- 
ble array logic elements. They utilize the familiar sum-of- 
products (AND-OR) structure allowing users to program 
custom logic functions to fit most applications precisely. 
Typically they are a replacement for low-power Schottky 
SSI/MSI logic circuits, reducing chip count by more than 5 
to 1 and greatly simplifying prototyping and board layout. 


power versions. The very High-Speed ''B"’ versions 
(tpp = 15 ns) run approximately 40% faster than the High- 
Speed ''A" versions (tpp = 25 ns). High-Speed, Half-Power 
"AL" versions (tpp = 25 ns, Icc = 90 mA) are available, as 
well as Standard-Speed, Half-Power ''L'' versions (tpp 
= 35 ns, Icc* = 80 mA). Quarter-Power ''Q" versions (tpp 
= 35 ns, Icc = 45 mA) are also available. 


Aes XX91.1vdwiy 


Seven different devices are available, including both regis- pigese. see We: lolowing: pages lor picgr Diadiams: 


tered and combinatorial devices, in six different speed and *Combinatorial functions 


PRODUCT SELECTOR GUIDE 








AMD PAL Speed/Power Families 





| tp ts (1) tco (1) 
ns (M ns (Min.) ns (Max.) 
Family 


loc () lo. 
mA (Max.) mA (Min.) 


D 
ax.) 
M Devices C/M Devices 
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AMD PAL FUNCTIONS 


Output Package 
Logic Enable Outputs Pins 


Eight 8-Wide AND-OR Dedicated Registered Inverting 

Six 8-Wide AND-OR Registered inverting 

Two 7-Wide AND-OR-INVERT | Programmable 
Four 8-wide AND-OR Registered Inverting 
Four 7-Wide AND-OR-INVERT | Programmable Bidirectional 


Eight 7-Wide AND-OR-INVERT | Programmable | S% Bitiectional 
Eight 7-Wide AND-OR Programmable | 2X Bidirectional 
Ten Dedicated, : ; P 
16LD8 Six Bidirectional Eight 8-Wide AND-OR-INVERT ae Dedicated 
Ten Dedicated, , : ' 
IMOX is a trademark of Advanced Micro Devices, Inc. Publication # Rev. Amendment 


*PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 03323 E /0 
4-9 Issue Date: October 1986 


Very High-Speed 15 
("B") Versions 
High-Speed 
("A") Versions 
High-Speed, 
Half-Power 
| ("AL") Versions 
Standard Versions 
Half-Power 35 
(‘"L"’) Versions 
Quarter-Power 35 
("Q') Versions 
(1) Sequential functions 
(2) Combinatorial functions 
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Part Array 
Number Inputs 


Eight Dedicated, 
16R8 | Eight Feedback 
Eight Dedicated, 
16R6 Six Feedback, 
Two Bidirectional 
Eight Dedicated, 
| 16R4 Four Feedback, 
Four Bidirectional 
. Ten Dedicated, — 
16L8 Six Bidirectional 
Ten Dedicated, 
16H8 Six Bidirectional 
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BLOCK DIAGRAMS 
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INPUTS [_> 


AmPAL16R6 


PROGRAMMABLE AND 
ARRAY (64 x 32) 





AmPAL*16XX Family 


2S} INpuT/OUTPUT 
So—I> ourpur 
SoC output | 
So—{> output 

So {> oureut 
So—{> output 


=| > OUTPUT 


BD002730 


Lb-v 


AmPAL16R4 
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PROGRAMMABLE ANO 
ARRAY (64 x 32) 


an 


& 






\f 


BLOCK DIAGRAMS (Cont'd.) 


Kk INPUT/OUTPUT 


10 
: INPUTS [ > 
Ko} INPUT/OUTPUT 


>> ouTPut 


o—{> ouTPuT 


L_-> OUTPUT 


O—{_ > OUTPUT 


Kt INPUT/OUTPUT 


KK >] input/outeut 
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PROGRAMMABLE ANO 
ARRAY (64 x 32) 


CS) INPUT/OUTPUT 
ES] INPUT/OUTPUT 
eS] INPUT/OUTPUT 
oS] INPUT/OUTPUT 
Kj iNPUT/OUTPUT 

INPUT/OUTPUT 


[> output 
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AmPAL*16XX Family 


| BLOCK DIAGRAMS (Cont'd.) 
AmPAL16H8 | -  AmPAL16LD8 
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BLOCK DIAGRAMS (Cont'd.) 
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AmPAL*16XX Family 


CONNECTION DIAGRAMS -: 


















Top View | | 
DIPs* | Lcoc** 
| ee aa 2 
LJ Lil 
oe ae 
9 8 Qg 
(NOTE 1) L_ #1 —6h20L Vcc , MMM 
iCje2 19|—] (NOTE 10) 1 9 
ils 18 [7] (NOTE 9) , 
14 - 17 [_] (NOTE 8) DE 
Ids 16 [_] (NOTE 7) A 
i\Cj6 =~ 18f7] (NOTE 6) 
(C47 14 [J (NOTE 5) - - i 
ils 13 [7] (NOTE 4) 4 
[je 12 [7] (NOTE 3) 7 
GND [—}10 11 {J (NOTE 2) | LY 
©p010020 — & * F FF 
ae = ee 
Oo Od OQ 
ée € € 


Note: Pin 1 is marked for orientation. — 


Notes: 


*Also available in 20-Pin Ceramic Flatpack. Pinouts identical to DiPs. 
**Also available in 20-Pin Plastic Leaded Chip Carrier. Pinouts identical to LCC. 


PIN DESIGNATIONS 


i = Input 
1/O = Input/Output 
O = Output 
Vcc = Supply Voltage 
GND = Ground 
CLK = Clock 
OE = Output Enable 
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| (NOTE 9) 


(NOTE 8) 


(NOTE 7) 


(NOTE 6) 


t (NOTE 5) 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Package Type 

D. Temperature Range 

E. Optional Processing 


B - C 
E. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn In 
D. TEMPERATURE RANGE 
Cc. 
B. 
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ee Oh linn 


: 


C = Commercial (0 to + 75°C) 
E = Extended Commercial (-55 to + 125°C) 


PACKAGE TYPE 

P = 20-Pin Plastic DIP (PD 020) 

D = 20-Pin Ceramic DIP (CD 020) 

J = 20-Pin Plastic Leaded Chip Carrier 
(PL. 020) 

L = 20-Pin Ceramic Leadiless Chip Carrier 
(CL 020) 


SPEED/POWER 
See Product Selector Guide 


A. DEVICE NUMBER/DESCRIPTION 
AmPAL16XX Family 
20-Pin IMOX Programmable Array Logic 











Valid Combinations 





Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 







PC, DC, DCB, DE, 
JC, LC, LE 
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AmPAL*16XX Family 


ORDERING INFORMATION (Cont'd.) 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 
processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a 
combination of: A. Device Number ‘ 

B. Speed Option (if applicable) | 

C. Device Ciass 

D. Package Type 

E. Lead Finish 


AMPAL16R8 B /B A a 
Li, LEAD FINISH 
A= Hot Solder DIP — 
C = Gold 
. PACKAGE TYPE 
R = 20-Pin Ceramic DIP (CD 020) 
2 = 20-Pin Ceramic Leadless Chip 
Carrier (CL. 020) 
S = 20-Pin Ceramic Flatpack (CF 020) 
| | . DEVICE CLASS 
/B =Class B 
. SPEED OPTION 
. See Product Selector Guide 
A. DEVICE NUMBER/DESCRIPTION . 


AmPAL16XX Family 
20-Pin IMOX Programmable Array Logic 


{o 





Valid Combinations Valid Combinations 


AMPAL16R8/B/A/AL/L/Q Valid Combinations list configurations planned to be 


AMPAL16R6/B/A/AL/L/Q supported in volume for this device. Consult the local AMD 
AMPAL16R4/B/A/AL/L/Q sales office to confirm availability of specific valid 


AMPAL16L8/B/A/AL/L/Q /BRA, /B2C, combinations or to check for newly released valid 
Y AMPAL16H8/A/L /BSA combinations. | 
AMPAL16LD8/A/L | Group A Tests 


; Group A tests consist of Subgroups 1, 2, 3, 4, 9, 10, 11. 
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DESC Certified PAL Devices 


AMD Part Number DESC Numbers 


AmPAL16L8A/BRA 8103607RX 

AmPAL16L8A/B2C 81036072X 

AmPAL16L8A/BSA 8103607SX 
16L8 
























PAmPALieLeL/82c | e1096112X 
ees 
[AmPALIGRE/BRA | _8103602RX_—_— 
[AmPALIGRG/26_| _6103602X_—_ 
oe 
ae 





4-17 


Aywwey XX9l.1Wdwy 





AmPAL*16XX Family 


_ FUNCTIONAL DESCRIPTION 


AMD PAL Family Characteristics 


All members of the AMD PAL Family have. common electrical — 


characteristics and programming procedures. All parts are 
produced with a fusible link at each input to the AND-gate 
array, and connections may be selectively removed by apply- 
ing appropriate voltages to the circuit. 


Initially the AND gates are connected, via fuses, to both the 
TRUE and complement of each input. By selective program- 
ming of fuses the AND gates may be "connected" to only the 
TRUE input (by blowing the complement fuse), to only the 


complement input (by blowing the TRUE fuse), or to neither. 


type of input (by blowing both fuses) establishing a logical 
"don't care.'' When both the TRUE and complement fuses 
are left intact a logical FALSE results on the output of the AND 
gate, while all fuses blown results in a logical- TRUE state. The 
outputs of the AND gates are connected to fixed-OR gates. 
The only limitations imposed are the number of inputs to the 
AND gates (up to 16) and the number of AND gates per OR 
(up to 8). 


All parts are fabricated with AMD's fast programming, highly 
reliable Platinum-Silicide Fuse technology. Utilizing an easily 
implemented programming algorithm, these products can be 
rapidly programmed to any customized pattern. Extra test 
words are pre-programmed during manufacturing to ensure 
extremely high field programming yields ( > 98%), and provide 
extra test paths to achieve excellent parametric correlation. 


Power-Up RESET 


The registered devices in the AMD PAL family have been 
designed to reset during system power-up. Following power- 
up, all registers will be initialized to zero, setting all the outputs 
to a logic 1. This feature provides extra flexibility to the 
designer and is especially valuable in simplifying state ma- 
chine initialization. 
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PRELOAD | 

AMD PAL devices are designed with unique PRELOAD 
circuitry that provides an easy method of testing registered 
devices for logical functionality. PRELOAD allows any arbitrary 


state value to be loaded into the registered output of an AMD 
PAL device. 


A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. This 
requires the ability to set the state registers into an arbitrary 
"present state’ value and to set the device inputs to any 
arbitrary ''present input'' value. Once this is done, the state 
machine is clocked into a new state or ''next state." The next 
state is then checked to validate the transition from the 
present state. In this way any state transition can be checked. 


Without PRELOAD, it is difficult and in some cases impossible 


‘to load an arbitrary present state value. This can lead to logic 


verification sequences that are either incomplete or excessive- 
ly long. Long test sequences result when the feedback from 
the state register ''interferes'' with the inputs, forcing the 
machine to go through many transitions before it can reach an 
arbitrary state value. Therefore the test sequence will be 
mostly state initialization and not actual testing. The test 
sequence becomes excessively long when a state must be 
reentered many times to test a wide variety of input combina- 
tions. 


In addition, complete logic verification may become impossible 
when states that need to be tested cannot be entered with 
normal state transitions. For example, even though necessary, 
the state entered when a machine powers up cannot be 
tested, because it cannot be entered from the main sequence. 
Similarly, "forbidden" or ''don't care'' states that are not 
normally entered need to be tested to ensure that they return 
to the main sequence. 


PRELOAD eliminates these problems by providing the capabil- 
ity to go directly to any desired arbitrary state. Thus test 
sequences may be greatly shortened, and all possible states 
can be tested, greatly reducing test time and development 
costs, and guaranteeing proper in-system operation. 


[PP ae we ee a yc a RS eA OE RE eR Siege aN BN Ta We neta grenade creer eee, me wes te 


: ; INPUTS (0-31) 


o123 #6467 @ 9 1019 12:13:1455 16:17 18 19 ee aren iaeaat rab ais 
| {| i 


occeeas essa Po seuarecs ssc 
PY an ese ae tee a ett stints 
Pew ae ee Pe ee noaete —— Be 


4 
$ 
e SGnmeSas Ee Ga chet 
7 Rees ee 


foie Coe tht 
Tro 


Reh ewe Pom 

- Ht a2 ee See Se Ree eee ee ee <<) 
Sma EON cn hE Gn 0 OBL Goes” 

—l>—+h 

re] 


. Suen Guemauaa SOS eee 
anes a SEER saazee eee mee 2 eee 
aaa TR 1 Oe Rison eomn eon ses men S ex t 
saa OF a Be oe om 
4 








Aywey XX9L. Wdwy 





SLLgstmAnAmLEA iimimiiniliin 


sand isi smAiiant 

EE Siieniniies hie 

: StSHimtimitiats seaae rR | 

a testes Se oeesa = Pe 
ae HH | 

Ga cam, Sere} 


= imi Silimiitmiiimt Lid eed 
HE ice 1 


4 emmiti ae 
ESE eae 


‘ . = oP ) ! BH ! - tot 

fi sue Sine 4 3 _ 

: eae sceusereress pains Trg al 

eae ia a Si a Sieersmeeromnit sessteessgees es ' o—15 | 


SS 






os 
BG wae 











PRODUCT TERMS (¢~ 63) 
On 
A 








SH eeuete ee ero ay 
Peni ini fhe ei ete a —« = 
. a at Silat ro 





ae Sanemoan foo saoe Baga Sag eceeen soe 

‘ss Somese6 tty S 

ms a erimiie i a Ee = —— 

- len one BBs S00SS SSS eSS SSeS eee Dee | | 
el eos as a a Ce 8 aes 


"A 
perio BD FH Bee FEB aa = 
7X nin ia soene 1 A 
ened ascites 
ae 
coe Lin @ FY 13 


ese assee sees seen oe 
an a emrestesteseets ee eee ee one ae 
ttt tt 


if 
ERE I BR sD ee 
acs i GB —scooneone eS Sr Ek A UO cas ) > 
= Seuss Pees ccomescomtecsceceeaseecensttmre=e , | 
a SS Li gl 
: ALA AEAMEOOGMORE inimuin ain : bo 
: c Te aad FH i . _ 
; EEE tim Seieitiatines fia cia 
; so 
. ma ona ee | 
: EE EEE EEE EE EE EET : 
. Sagas aaaemsaaunne semeevsessceas SGaae saree => +p al So—12 
. cegosdguaeuamsuggancasaas soscauamace os R | 
eae sD EB 3 
. ail siti Simin iim iia Hoth | rm | 
on D> a Se AP 1 
¢ 
1] 123 4567 6O9 MN eases 16 «17 18 99 eens 24 2% 3 27 28 2 30 31 


BDO002000 


Figure 1. AmPAL16R8 Logic Diagram 
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Figure 2. AmPAL16R6 Logic Diagram 
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Figure 3. AmPAL16R4 Logic Diagram 
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Figure 4. AmPAL16L8 Logic Diagram 
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Figure 5. AmMPAL16H8 Logic Diagram 
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Figure 6. AmPAL16LD8 Logic Diagram 
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Figure 7. AmPAL16HD8 Logic Diagram 
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AmPAL*16XX Family 





or LOW state. This feature simplifies testing since any initial 
state for the registers can be set to optimize test sequencing. 


APPLICATIONS | 
PRELOAD of Registered Outputs 


AMD PAL registered outputs are designed with extra circuitry The pin levels and timing necessary to perform the PRELOAD 
to allow loading each register asynchronously to either a HIGH function are detailed below: 


tp to _—- to : ty tp | 









Vu 
PIN tt 
Vip 
PIN2 
Vip 
a a mmm | 
rr] 
REGISTERED 
OUTPUT 
L 
. ANSRERera ete ae 
PF001141 


Level forced on registered output State of the output 
pin during PRELOAD cycle pin after cycle : 
ee HIGH 
0 V to VocH or OPEN LOW 























Power-Up Reset required to ensure a valid power-up reset. These conditions 


are: 
The registered devices in the AMD PAL Family have been 1. The Vcc rise must be monotonic. 
designed to reset during system power-up. Due to the asyn- ; 
; Fg are met. 


Vec 





REGISTERED 
OUTPUT 


WF022300 











a ao 


Power-Up 





ipesind oe See Switching 
c Characteristics 


Clock Width 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ~65 to +150°C Commercial (C) Devices | 
Sicel Veiice to Ground Potential Temperature (Ta) DON eC 

(Pin 20 to Pin 10) Continuous Supply Voltage (Vcc) Page tot eae 
DC Voltage Applied to Outputs Extended Commercial (E) Devices 

(Except During Programming) Temperature (Ta) 
DC Voltage Applied to Outputs Temperature (Tc) ae . 

During Programming Supply Voltage (Vcc) ..........+6- ...e.-+ 4,50 to +5.50 V 
Output Current Into Outputs During Military (M) Devices* 

Programming (Max Duration of 1 sec) Temperature (Ta) | _55°C Min. 


DC Input Voltage -0.5 to +5.5 V Temperature (To) +125°C Max. 


DC Input Current -30 to +5 mA Supply Voltage (Vcc) +4.50 to +5.50 V 


Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits between which the 
RATINGS may cause permanent device failure. Functionality functionality of the device is guaranteed. 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device “Military product 100% tested at Tc = +25°C, + 125°C, 
reliability. and -55°C. 
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DC CHARACTERISTICS over operating range unless otherwise specified; included in Group A, Subgroup 1, 
2, 3, 4 tests unless otherwise noted 


Parameter | Parameter | . | a Typ. | 
Symbol Description . tions | , (Note 1) | Units 











Test Condi 


All others 


ioH = -2 MA COM'L 
COM'L 











Voc = Min., 
Vin = VIH 
or Vit 









Output HIGH Voltage . 






iobo =-3.2 MA 
iIOH = —-2 MA 


























1B UA" "Std." 
| Voc = Min., | AL," & UL" 
Output LOW Voltage Vin = VIH 
or Vit 





Guaranteed input Logical HIGH 
Voltage for All inputs 


VOH 

VoL 

ViH 

(Note 2) | Input HIGH Level 

Vit | Guaranteed Input Logical LOW 
(Note 2) input LOW Level Voltage for All Inputs 


| Voc = Max., 
Ne Input LOW Current | ln = 0.40 V 


Input HIGH Current Voc = Max., Vin = 2.7 V 
| hfs Input HIGH Current | Voc = Max., Vin = 5.5 V as - 
Output Short-Circuit Current | Voc = Max., Vout = 0.5 V (Note 3) . 


16L8A, 16HS8A, 16HDBA, 
16LD8A, 16L8, 16H8, 
16HDB, i6LD8 


16L8L, 16H8L, 16HD8L, 
16LD8L 


16R8B, 16R6B, 16R48, 
16L8B, 16R8A, 16R6A, 
16R4A, 16R8, 16R6, 16R4 


16RBL, 16R6L, 16R4L, 
16L8AL, 16R8AL, 16R6AL, 
| 46R4AL 


16L8Q, 16R8Q, 16R6Q, 
16R4Q 








































| All Inputs = GND, 


Power Supply Current Voc = Max. 





Input Clamp Voitage Voc = Min., lin =-18 mA 
| loz | Output Leakage Current Voc = Max., Vi_ = 0.8 V Vo =2.7 V 
(Nate 4) Vin'= 20 V cl 


CIN | Input Capacitance Vin = 2.0 V @ f=1 MHz (Note 5) 
| Cour | Output Capacitance Vout = 2.0 V @ f=1 MHz (Note 5) 


1. Typical limits are at Vcc = 5.0 V and Ta = 25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
4 

5 


Vout = 0.5V has been chosen to avoid test problems caused by tester ground degradation. 
. I/O pin leakage is the worst case of Iozx or lix (where X=H or L). 
. These parameters are not 100% tested, but are periodically sampled. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified; included in Group A, 
. : ie _ Subgroup 9, 10, 11 tests unless otherwise noted - 2 


at & "AL" "Std," a & "go" 
"B" Version Version Versions = 





COMMERCIAL RANGE 


Parameter Parameter 
Description 


Typ 
(Note 1 
Input or Feedback to Non-Registered 
Output 16L8, 16R6, 16R4, 16LD8, 16H8, 
16HD8 
+ input to Output Enable 16L8, 16R6, 
EA 16R4, 16H8 
Input to Output Disable 16L8, 16R6, 12 
16R4, 16H8 
t Pin 11 to Output Enable 16R8, 16R6, 
Pax 16R4 





t Pin 11 to Output Disable 16R8, 16R6 
PXZ 16R4 


Clock to Output 16R8, 16R6, 16R4 


Input or Feedback Setup Time 16R8 
| 16R6, 16R4 
Hold Time 16R8, 16R6, 16R4 


idl 
= 


Clock Period (ts + tco) 
| Clock Width 
Maximum Frequency 


Notes: 1. Typical limits are at Voc = 5.0 V and Ta = 25°C. 

2. tpp is tested with switch S; closed and C, = 50 pF. 

3. For three-state outputs, output enable times are tested with C, = 50 pF to the 1.5 V level; S; is open for high impedance to HIGH 
tests and closed for high impedance to LOW tests. Output disable times are tested with C_ = 5 pF. HIGH to high impedance tests 
are _ to an output voltage of VoH-0.5 V with S; open; LOW to high impedance tests are made to the Vo; + 0.5 V level 
with S1 closed. 



















MILITARY RANGE 












Parameter 


VA" & "AL" "Std," npn & "Q" 
"B" Version Version Versions 
Description 


Input or Feedback to Non-Registered 
1 Output 16L8, 16R6, 16R4, 16LD8, 16H8, 
| 16HD8 . 
| Input to Output Enable 16L8, 16R6, 
16R4, 16H8 
Input to Output Disable 16L8, 16R6, 
16R4, 16H8 
p 4 | tex | Pin 1 1 to Output Enable 16R8, 16R6, ea 
t Pin 11 to Output Disable 16R8, 16R6, 
xz 16R4 
aoe Ee 


Parameter 
Symbol 





c 
= 
- 
@ 


> b 


Clock to Output 16R8, 16R6, 16R4 


tpp 

tEA 
Input or Feedback Setup Time 16R8 
16R6, 16R4 

| ty _—_—|_-Hold Time 16R8, 16R6, 16R4 

| tp | Clock Period (tg + tco) 

Pw | Glock Wath 

Maximum Frequency 


~> 

> 

143) i 
— 

N 


Notes: 1. Typical limits are at Voc = 5.0 V and Ta = 25°C. 
2. tpp is tested with switch S; closed and C;, = 50 pF. 
3. For three-state outputs, output enable times are tested with C_ = 50 pF to the 1.5 V level; S; is open for high impedance to 
HIGH tests and closed for high impedance to LOW tests. Output disable times are tested with C_ =5 pF. HIGH to high 
impedance tests are made to an output voltage of VoH-0.5 V with S; open; LOW to high impedance tests are made to the 


VoL + 0.5 V level with S; closed. 
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SWITCHING TEST CIRCUIT 


Vee 9 5V S, 
C, C, | Ry 
20 
e e@ 
a ® & Ro CL 

INPUTS e DUT © 
e 
e 

10 OUTPUTS 

TC003050 


Note: Cy and Co are to bypass Vcc to ground. 


TEST OUTPUT LOADS 


pin Name | commercial | wiitary | Commercial | wiitary 


750 2 1200 2 
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OE 
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INPUT CIRCUITRY 


Vee 
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rill, 


PROGRAN/ VERIFY 
CIRCUITRY 





i WA 






RIN f 
may 


XW 
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BNA AAAAAXARAAYD 





‘ AA 1 


RY 


SWITCHING WAVEFORMS 


+4 





—@ 
raat 
Pili l} 


ne os Laene | 
11 ee | 


KEY TO TIMING DIAGRAM 


Teenortalonntanent deena oeestendetaieieneietenmetane cnaner leet neameneaatennnataememantocsatonaenihinemetatnanaienameeres 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROM L TOH 


DON'T CARE; 
AMY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


eA POA TOT A RANA Sm TR 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE q 
UNKNOWN 


CENTER 
LINE i$ HIGH 
IMPEDANCE 
“OFF” STATE 


~ K§000010 


FROM OUTPUT 
SENSE | DISABLE 
AMP 


1G000720 
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OUTPUT CIRCUITRY 


INPUT ON PROGAMMING 
/O Pine CURRENT PATH 


PRELOAD 
CIRCUITRY 


iCQ00730 


PROGRAMMING 


Each AMD PAL fuse is programmed with a simple sequence of 
voltages applied to two control pins (1 and 11) and program- 
ming voltage pulse applied to the output under programming. 
Addressing of the 2048 element fuse array is accomplished 
with normal TTL levels on eight input pins (five select the input 
line number and three select the product term number). Vcc is 
maintained at a normal level throughout the programming and 
verify cycle — no extra high levels are required. 


The necessary sequence levels for programming any fuse is 
shown in the Programming Waveforms. The address of each 
fuse in terms of Input Line Number and Product Term Line 
Number is defined by the Fuse Address Tables 1 and 2. 
Current, voltage and timing requirements for each pin are 
specified in the Programming Parameter Table below. 


The 16L8, 16R8, 16R6, 16R4, 16H8, 16LD8 and 16HD8 use 
identical programming conditions and sequences. 


After all programming has been completed, the entire array 
should be reverified at Vcc. and again at VccH. Reverification 
can be accomplished by reading all eight outputs in parallel 
rather than one at a time. The array fuse verification cycle 
checks that the correct array fuses have been blown and can 
be sensed by the outputs. 


AMD PAL devices have been designed with many internal test 
features that are used to assure high programming yield and 
correct logical operation for a correctly programmed part. 


An additional fuse is provided on each AMD PAL circuit to 
prevent unauthorized copying of AMD PAL fuse patterns when 
design security is desired. Blowing the security fuse blocks 
entry to the fuse pattern verify mode. 


To blow the security fuse: 

1. Power up part to Vccp 

2. Raise Pin 5 to Vin. 

3. Pulse Pin 11 from ground to Vop for a 50yusec 
duration. 

4, Perform a normal end-of-programming verify cycle at 
Voct and Vocu. All fuse locations should be sensed 
as blown if the security fuse has been successfully 
blown. 


Note that parts with the security fuse blown may not be 
returned as programming rejects. 


AMD PAL devices normally have high programming yields 
( > 98%). Programming yield losses are frequently due to poor 
socket contact, equipment out of calibration or improperly 
used. 


> 
3 
~U 
> 
rf 

* 
ewuly 
oa 
>< 
>< 
"Ti 
» 
3 
< 


PROGRAMMING PARAMETERS Ta = 25°C 





Parameter Parameter 
Symbol Description Typ. 
nie Pin 1 @ 10-40 mA ey A De 
ViH Control Pin Extra High Level - 
Pin 11 @ 10-40 mA ee aa 
Program Voltage Pins 12-19 @ 15-200 mA 
Input HIGH Level During Programming and Verify 
Input LOW Level During Programming and Verify 


4 
| 
Successful Blown Fuse 16L8, 16R8, 16R6, 16R4, 16LD8 
Sense Level @ Output 2. 
[S.. ihenoemenen 
[ip Dalays Between Various Level Changes SSCS 





F 
@ 
° 
z 
3 
oO . 
“El bbl EEF 
<|< 
~ PES 
BLS 


= 
wo 


era! 
ce 
ps2 | 35 
Tie ea 
fens 
Pos _| 
a a el 
a ee ee EOE 
[500 | 
v 


Pull-Up Voltage On Outputs Not Being Programmed 
R Pull-Up Resistor On Outputs Not Being Programmed 


Vccp - 9.3 Vccp 


4.3 
5.7 


. 
+e) 
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Design Aid Software for AmPAL16XX Family 


Data 1/0 
(206) 881-6444. 


IBM PC 
VAX/VMS 
VAX/UNIX 


. IBM PC 

P-CAD Systems VAX/VMS 
(408) 971-1300 | VAX/UNIX 
CPM 80/86 


i. “Advanced Micro Devices | Supported by 
AmGUPL (408) 732-2400 IBM PC P.CAD: Systems 
AMD Qualified Programmers 


Programmer | | 
Name ee _ AMD PAL Personality Module Socket Adapter 


Data |/O | Systems 19, 29° 19, 29 950- 1942-0044 303A-004, Rev 3 or newer 
10525 Willow Road N.E. 
528-5 Weddell Drive 

ZL30 On Board Module (Rev 38 or newer) 


Sunnyvale, CA 94086 
Structured Design 

SD-1000J 
Suite 1 


1700 Wyatt Drive 
Suite 3 
803 Series : | DA-53 
Sunnyvale, CA 94089 ie 
JMC | 
2999 Monterey Rd. PROMAC P3 On-board Module rev 2.0 : On Board 
Monterey, CA 93940 _ | 






















On Board 











On Board 









Santa Clara, CA 95084 


Valley Data Sciences 
2426 Charleston Road 

Mountain View, CA. 94043 
Digelec 
586 Weddell Drive 
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PROGRAMMING TIMING DIAGRAM 


INPUT LINE NUMBER AND PRODUCT TERM LINE NUMBER ADDRESSES 


Aywey XX91.1Wdwy 


PROGRAMMED 
OUTPUT 


PROGRAMMING ————_———> VERIFY 


PF001100 


SIMPLIFIED PROGRAMMING DIAGRAM 


Input Line Number Vecp 
Address Pin States 





PF000380 
TABLE 2. PRODUCT TERM ADDRESSING 


Product Term 
Select 
Address Pin 
Product Term Line Number 4 3 


TrrrereiTz~rre 
TretrtrereiiriN 


L 
L 
L 
L 
H 
H 
H 
H 


55 | 63 
n 


7 15 | 23] 31 
Pin | Pin | Pin | Pin | Pin | Pin | Pin | Pi 
19 | 18} 17 | 16) 15 | 14413) 12 


| Programming Access and Verify Pin 


ay Ee oe Ee a ee eee are rear eae ee ee ee 
EETEETIIe rere err rrrrirrrirerererreree 
Eg eee eee ing eg re ee eee ee 
2 2b Fe ee aa a ee eae ee eae ee Lee eee 
Iretrtereteretrrtrtretretroitirirtirrtererier rier ier 





4-33 


AmPAL*16XXD Family 


20-Pin IMOX™ Ultra High-Speed Programmable Array Logic (PAL) Elements 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


AMD's superior IMOX technology 

— Guarantees tpp = 10 ns Max. '"'D" version 

Very high-speed, half-power (''BL'') and high-speed, 
quarter-power (''AQ'"') versions 

Platinum-silicide fuses and added test words ensure 
programming yields > 98% | 

Post Programming Functional Yields (PPFY) of 99.9% 


PRELOAD feature permits full logical verification 
Reliability assured through more than 70 billion fuse 
hours of life testing with no failures 

Full AC and DC parametric testing at the factory mreven 
on-board testing circuitry 

AMD's industry-leading quality guarantees 


GENERAL DESCRIPTION 


AMD PAL devices are high-speed, electrically programma- 
ble array logic elements. They utilize the familiar sum-of- 
products (AND-OR) structure allowing users to program 
custom logic functions to fit most applications precisely. 
Typically they are a replacement for low-power Schottky 
SSI/MSI logic circuits, reducing chip count by more than 5 
to 1 and greatly simplifying prototyping and board layout. 


Four different devices are available, including both regis- 
tered and combinatorial devices. These three new speed 
and power options extend the current AmMPAL16XX Family, 
allowing the designer to precisely match system require- 
ments. 


Please see the ''AmPAL16XX Family"’ data sheet (Publica- 
tion No. 03323D) for Block Diagrams. 


PRODUCT SELECTOR GUIDE 


AMD PAL Speed/Power Families 


tent |e 
ns (Max.) 


Ultra High-Speed 
("D"’) Versions 
Very High-Speed, 
Half-Power 
("BL") Versions 
High-Speed, 
Quarter-Power 
("AQ") Versions 


(1) Sequential functions 
(2) Combinatorial functions 


ts 


ns (Max.) 


ee a 
ns (Max.) mA (Min.) 


AMD PAL FUNCTIONS 


Part Array Output Package 
Number Inputs Logic Enable -—“< 


Eight: Dedicated, 

Eight Feedback Eight 8-Wide AND-OR 
Eight Dedicated, 
Six Feedback, 
Two Bidirectional 


Eight Dedicated, 
Four Feedback, 
Four Bidirectional 


Six 8-Wide AND-OR 
16R6 


16R4 





Dedicated 


Registered Inverting 


Registered Inverting 


Two 7-Wide AND-OR-INVERT Programmable Bidirectional 
Four 8-wide AND-OR Dedicated Registered Inverting 
Four 7-Wide AND-OR-INVERT Programmable Bidirectional 


Ten Dedicated, Six Bidirectional 
16L8 Six Bidirectional Eight 7-Wide AND-OR-INVERT Programmable Two Dedic at ed fe | 


IMOX is a trademark of Advanced Micro Devices, Inc. 


“PAL is a registered trademark of and is used under license from Monolithic Memories, inc. 
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AmPAL*18P8 


20-Pin IMOX™ Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


Individually programmable output polarity on each 

output 

Pin compatible superset of most combinatorial 20-pin 

PALs 

Eight logical product terms per output for increased 

logic power 

Increased input/output flexibility 

- 18 possible array inputs 

- Eight bidirectional |/Os with individually controllable 
output enable 


@ Ultra high-speed version tpp = 15 ns maximum 
@ Superior quality 


- Full AC and DC parametric testing performed on 


every part 


- Extensive on-chip test circuitry ensures post-program- 


ming functional yield (PPFY) of 99.9% 


Platinum-Silicide fuses ensure high programming 
yield > 98%, fast programming and unsurpassed reli- 


ability 


GENERAL DESCRIPTION 


The AmPAL18P8 is an ultra high-performance, functionally 
enhanced 20-pin Programmable Array Logic element. It 
utilizes the familiar sum-of-products (AND-OR) structure 
allowing users to program custom logic functions to pre- 
cisely fit their application. 


The AmPAL18P8 offers significantly enhanced functional 
capabilities when compared to other combinatorial 20-pin 
PAL devices. These include two additional bidirectional |/O 
‘pins as well as additional product terms (bringing each 
output to eight logical and one three-state control product 


BLOCK DIAGRAM 


BD005942 


*PAL is a registered trademark of and is used under license from Monolithic Memories, Inc: 


IMOX is a trademark of Advanced Micro Devices, Inc. 


term) for extra logic power. The device also features 
individually user programmable output polarity, giving the 
designer the capability to handle both active HIGH and 


active LOW outputs on the same device. 


A wide variety of speed/power selections is available, 
allowing precise matching to system requirements. The 
ultra high-speed version offers 15 ns maximum input to 
output propagation delay, opening up many new applica- 


tions for the use of programmable logic. 


PRODUCT SELECTOR GUIDE 


Family 


Part No. AmPAL18P8 


Power Quarter Half Full 
| Grade Power Power Power 


Ordering 
18P8Q 18P8L 18P8AL | 18P8A 18P8B 


Standard High Vitra 


Speed ; 
High 
Grade Speed Speed Speed 


manele fe | ee 


Time (ns) 


Max. 

Operating 

Current 6S ies 
(mA) 


STD = AMD "Standard" products 
APL = AMD "Approved Products List'’ products 
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AmPAL 18P8 





CONNECTION DIAGRAMS 
Top View : | 


CD009210 CD009220 





Note: Pin 1 is marked for orientation. *Same Pinouts apply for PLCC. 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: A. Device Number 
. B. Speed/Power Option 
C. Package Type 
D. Temperature Range 
E. Optional Processing 


AMPAL18P8 


-. OPTIONAL PROCESSING 
Blank = Standard processing 


. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
E = Extended Commercial (~55 to + 125°C) 


- PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
D = 20-Pin Ceramic DIP (CD 020) 
J =20-Pin Plastic Leaded Chip Carrier 
(PL 020) 
L = 20-Pin Ceramic Leadiess Chip Carrier 
(CL 020) 


. SPEED/POWER OPTION 
B = Ultra High Speed/Standard Power 
A= High Speed/Standard Power 
AL = High Speed/Haif Power 
L = Standard Speed/Half Power 
Q = Standard Speed/Quarter Power 


A. DEVICE NUMBER/DESCRIPTION 
AmPAL18P8 
20-Pin IMOX Programmable 
Array Logic 


Valid Combinations — 


Valid Combinations list configurations planned to be 


| AMPAL16P6A i PBA supported in volume for this device. Consult the local AMD 
: PC. DC. DE sales office to confirm availability of specific valid 


JC, LC, LE combinations, to check on newly released combinations, and 
to obtain additional. data on AMD's standard military grade 


AMPAL18P8Q products. 


Valid Combinations 
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ORDERING INFORMATION (Cont'd.) 
APL Products 
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AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) 
products are processed in accordance with MiIL-STD-883C, but are inherently non-compliant because of package, solderability, 
or surface treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a 
combination of: A. Device Number 

B. Speed/Power Option 

C. Device Class 

D. Package Type 


E. Lead Finish 
AMPAL18P8 AL /B R 


A 
Li, LEAD FINISH 


A= Hot Solder DIP 
C = Gold 


D. PACKAGE TYPE 
R = 20-Pin Ceramic DIP 
(CD 020) 
2 = 20-Pin Ceramic Leadless Chip Carrier 
(CL 020) 


C. DEVICE CLASS 
/B = Class B 


B. SPEED/POWER OPTION 
B = Ultra High Speed/Standard Power 
A= High Speed/Standard Power 
AL = High Speed/Half Power 
L = Standard Speed/Half Power 
Q = Standard Speed/Quarter Power 


A. DEVICE NUMBER/DESCRIPTION 
AmPAL18P8 
20-Pin IMOX Programmable 
Array Logic 


[aweaciores | 
JaRA, 122 












Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11 
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AmPAL 18P8 


PRODUCT TERMS (0-71) 


LOGIC DIAGRAM 


INPUTS (0-35) 
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Eighteen Array inputs Eight 8-Wide AND-OR Structures 
~ 10 dedicated - Combinatorial outputs 
- 8 bidirectional |/O - Programmable output enable for each output 


— Programmable polarity on each output 
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FUNCTIONAL DESCRIPTION 


The AmPAL18P8 is a functionally enhanced Programmable 
Array Logic (PAL) device. The Block Diagram on page one 
shows the basic architecture of the AMPAL18P8. There are up 
to eighteen inputs and eight outputs available. The inputs are 
connected to a programmable AND array which contains 72 
logical product terms. Initially the AND gates are connected, 
via fuses, to both the true and complement of every input. By 
selective programming of fuses, the AND gates may be 
"connected" to only the true input (by blowing the comple- 
ment fuse) to only the complement input (by blowing the true 
fuse), or to neither type of input (by blowing both fuses), 
establishing a logical ''don't care.'' When both the true and 
complement fuses are left intact, a logical false results on the 
output of the AND gate. An AND gate with all fuses blown will 
assume the logical true state. 





The AmPAL18P8 has a possible maximum of 18 input pins, 
two more than previous 20-pin PALs. The extra inputs extend 
the functional capabilities of the device, which reduces design 
limitations, making it easier to design with and more flexible. 


The AmPAL18P8 can be programmed with more complex 
logic equations due to the eight product terms and one control 
term for each output. The control terms also allow for each of 
the eight bi-directional |/Os to be three-stated, greatly expand- 
ing the realm of design possibilities. 


The eight bi-directional |/O pins enhance the usefulness of the 
AmPAL18P8 by allowing for greater complexity of logic 
equations and hence more logic power. 


The AmPAL18P8 also has programmable output polarity, 
giving the designer the choice of either active HIGH or active 


LOW on each of the eight outputs. This simplifies the task of 
programming the AmMPAL18P8 and allows more freedom in 
optimizing the logic functions. The high-speed version of the 
AmPAL18P8 boasts 15 ns maximum input-to-output propaga- 
tion delay, which makes it the fastest TTL-compatible PAL on 
the market today, and creates new possibilities for the use of 
programmable logic devices in a wide variety of applications. 


The AmPAL18P8 is manufactured using Advanced Micro 
Devices' IMOX oxide isolation process. This advanced pro- 
cess permits an increase in density and a decrease in internal 
Capacitance, resulting in the fastest possible programmable 
logic devices. The AMPAL18P8 is fabricated with AMD's fast- 
programming, highly reliable Platinum-Silicide Fuse technolo- 
gy. Utilizing an easily implemented programming algorithm, 
these products can be rapidly programmed to any customized 
pattern. 


Platinum-Silicide was selected as the fuse-link material to 
achieve a well-controlled melt rate, resulting in large non- 
conductive gaps that ensure very stable, long-term reliability. 
Extensive operating testing has proven that this low-field, 
large gap technology offers the best reliability for fusible link 
programmable logic. 


The AmPAL18P8 has been designed with extensive internal 
test circuitry that allows the programming and operating 
circuitry in the part to be thoroughly tested at the factory 
before programming. This assures excellent programming 
yield and functional performance to data sheet parameters 
after programming. The Post-Programming Functional Yield 
(PPFY) for this device is consistently better than 99.9%. 


INPUT/OUTPUT DIAGRAMS 


Input 







PROGRAM/VERIFY 
CIRCUITRY 





Output 


Veo 


FROM 
SENSE 
OUTPUT 





INPUT PROGRAMMING 
TO ARRAY CURRENT PATH 
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AmPAL* 18P8 





ABSOLUTE MAXIMUM RATINGS OPERATING RANGES | 


Storage Temperature -65 to + 150°C. Commercial (C) Devices 

Supply Voltage Temperature (Ta) 0 to +75°C 
with Respect to Ground -0.5 to +7.0 V Supply Voltage (Vcc) . +4.75 to +5.25 V 

DC Voltage Applied to Outputs 
(except during programming) 

DC Voltage Applied to 
Outputs During Programming 

Output Current Into Outputs 


Extended Commercial (E) Devices 
Temperature (Ta) —55°C Min. 
Temperature (Tc) + 125°C Max. 
Supply Voltage (Vcc) ...- +4.50 to +5.50 V 


During Programming . Military (M) Devices ae 
(Maximum duration of 1 second) Temperature (Ta) ~55°C Min. 
DC Input Voltage : Temperature (Tc) +125°C Max. 


DC Input Current | : Supply Voltage (Vcc) +450 to +5.50 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified; included in Group A, Subgroup 1, 
2, 3 tests unless otherwise noted 


18P8A, 18P8B 
loH=~3.2 MA | Tep BL, 18PBAL | COM'L Volts 
VoH Output HIGH Voltage ae re | 


Yoo = Min 
| lor = 24 mA TePSL, 16P6AL 18P8AL | COM'L 
VOL Output LOW Voltage Volts 


wi ote 2) Input HIGH level Guaranteed Input ere HIGH ner for All Inputs | 20 
He ote 2) Input LOW level Guaranteed Input Logical LOW Voltage for All inputs i 


Voc = Max. Vin = 0.40 V 

Voc = Max, Vin = 2.7 V 

Voc = Max, Vin = 5.5 V 

Voc = Max., Vout = 0.5 V (Note 3) 


ae 2 ee Peal 
Pi Le 
i eae Hee cad 
Se ns ee: 
j1ePea, tePeB | 

Power Supply Current Voc = Max. }18P8L, 18P8BAL (eT 
ae 

ae ees 
| tozH fecaeael 
ma 

















P80 
will Clamp Voltage Voc = = Min., lin =-18 mA 


10ZH V Vo =2.7 V 
CC = ie ViL = 0.8 V 
loz. Output Leakage Current Vin = 2.0 V Vo=0.4 V 


| Cin _| Input Capacitance Vin= 2.0 V @ f=1 MHz ae ae ae 
Output Capacitance VouT = 2.0 V @ f=1 MHz | ae ae ee ae 


Notes: 1. Typical limits are at Voc = 5.0 V and Ta = 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


CAPACITANCE 


Parameter Parameter 
T 
ee Description est condltons “ee 
Input Capacitance VIN = :2.0 V @ f=1 MHz 
en Capacitance Vout = 2.0 V @ f=1 MHz 


Note: These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is + x le 
capacitance may be affected. 
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KEY TO SWITCHING WAVEFORMS SWITCHING TEST CIRCUIT 


Vec 9 






WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROM H TOL 


CL 
MAY CHANGE 
FROM H TOL 


WILL BE 


MAY CHANGE CHANGING 


FROML TOH 


FROM L TOH OUTPUTS 

DON’T CARE; CHANGING; = 

ANY CHANGE = STATE 

PERMITTED UNKNOWN TC003050 
eee Note: Cy and Co are to bypass Vcc to 

DOES NOT LINE 1S HIGH ground during testing. 


APPLY IMPEDANCE 
“OFF” STATE 
















TEST OUTPUT LOADS 


ae era 


18P8B 
A 
AL 750 


saree] soo | eon [ran ao a0 [os oor] 


STD = AMD "Standard" products 
APL = AMD "Approved Products List'' products 





KS000010 






SWITCHING CHARACTERISTICS over operating range unless otherwise specified; included in Group A, 
aan 9, 10, 11 tests unless otherwise noted 


ee ee aa ee Se 


[wo | put to ouput Dewy | 12 | 1 | 1s | 2s | 2 | os | 2 | 0] 15 | a0 | 2 | «0 | me 
a bate ee ee eee le 
“ten [input to Output Dsebie | 2] 15 | 15 | 25 | 25 [05 | | 0 | 1] 00 | 25 | 40 | ns 


Notes: 1. Typical limits are at Vcc = 5.0 V and Ta = 25°C. 

2. tpp is tested with switch S; closed and C, = 50 pF. 

3. For three-state output, output enable times are tested with C, = 50 pF to the 1.5 V level; S; is open for high-impedance to HIGH 
tests and closed for high-impedance to LOW tests. Output disable times are tested with CL = 5 pF. HIGH to high-impedance tests 
are made to an output voitage of VoH-0.5 V with S; open; LOW to high-impedance tests are made to the Voy. + 0.5 V level 
with S1 closed. 





SWITCHING WAVEFORM 


OX 
OUTPUTS KX KXY 


YON 
Oy 


WF021820 
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AmPAL 18P8 


PROGRAMMING | 


Each AMD PAL fuse is programmed with a simple sequence of 
voltages applied to two control pins (1 and 11) and a 
programming voltage pulse applied to the output being pro- 
grammed. Addressing of the 2600 element fuse array is 


accomplished with TTL and VHp levels on eight input pins (five - 


select the input line number and three select the product term 
number). Vcc is maintained at a normal level throughout the 
programming and verify cycle — no extra high Vcc levels are 
require: 


The necessary sequence of levels for programming any fuse is 
shown in the Programming Waveforms. The address of each 
fuse in terms of Input Line Number and Product Term Line 
Number is defined by the Fuse Address Tables 1 and 2. 
Current, voltage and timing requirements for each pin are 
specified in the Programming Parameter Table on the follow- 


ing page. 


After all programming has been completed, the entire array 
should be reverified at Vcc, and again at VccH. Reverification 
can be accomplished by reading ail eight outputs in parallel 
rather than one at a time. The array fuse verification cycle 


checks that the correct array fuses have been blown and can 
be sensed by the outputs. 


AMD PALs have been designed with many internal test 
features that are used to assure high programming yield and 
correct logical operation for a correctly programmed part. 


An additional fuse is provided on each AMD PAL circuit to 
prevent unauthorized copying of AMD PAL fuse patterns when 

_ design security is desired. Blowing the security fuse blocks 
entry to the fuse pattern verify mode. 


To blow the security fuse: 

1. Power to Vccp 

2. Raise Pin 11 to Vop 

3. Pulse Pin 5 to Vy for 50 microseconds 10 times 

4. Reverify the entire array. A secured device will verify 
as if all fuses in the array are blown 


Note that parts with the security fuse blown may not be 
returned as programming rejects. 


AMD PALs normally have high programming yields ( > 98%). 
Programming yield losses are frequently due to poor socket 
contact or equipment out of calibration or improperly used. 


Design Aid Software for AmPAL18P8 


P-CAD 
Systems 
(408) 971-1300 


Advanced 
Micro Devices 
(408) 732-2400 


Data |/O 
(206) 881 6a44 
















Software Software 
Vendor Package . 


AmCUPL 
ABEL 






pom 


Developed and 
supported by P-CAD 
Systems 


AMD Qualified Programmers 


Programmer 
fame Model(s) AMD PAL Personality Module Socket punta 


Data 1/O 
10525 Willow Road N.E. 
Redmond, WA 98052 


System 19, 29 


Model PPZ 


Stag Microsystems 
528-5 Weddell Drive 
Sunnyvale, CA 94086 


| Structured Design 

| 1700 Wyatt Drive 
Suite 3 
Santa Clara, CA 95084 


Valley Data Sciences 
2426 Charleston Road 
Mountain View, CA 94043 


Digelec 

586 Weddell Drive 
Suite 1 

Sunnyvale, CA 94089 


JMC 
2999 Monterey Rd. 
Monterey, CA 93940 | 


SD-1000J 


ZL30 On Board Module (rev 38 or newer) 


950-1942- | g50-1942.0044 | | 308A-004, rev 3 or newer _| 004, rev 3 or newer 
360A-001, rev 4 or newer 


Revision 19 
On Board 


Under Development On Board 


160 Series Under Development 


803 Series 


Under Development Under Development 


PROMAC P3 On-Board Module rev 2.0 
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PROGRAMMING PARAMETERS Ta = 25°C 


Control! Pin Extra High Level Pins 1 & 11 @ 10-40 mA 

VHH - : 10 11 12 Volts 
Address Extra High Level Pins 4, 5, and 9, @ VHH 

Vop Program Voitage Pins 12-19 @ 15-200 mA 


Vip Input High Level During Programming and Verify a ee ee eee 
ViLP Input Low Level During Programming and Verify | 0.0 | 


= z 1 

voce 

7 
ie [55 

Vatows | Suocesstul Biown Fuse Source Level @ Ouipat —=—=S~sC“‘(™C‘#*dO@~*d OS ~~ Vos_—| 
aVop/ct | Rate of Output Votage Change —SSSSCSCSC~S~sSC 

aVi1/at | Rate of Fusing Enable Voltage Chango (pin 11 ring edge) «20 

[Period Buring which Output is Sensed for Voiown Level ——~«'—=t00—*Y| 


VONP Pull-Up Voltage On Outputs Not Being Programmed 
Pull-Up Resistor On Outputs Not Being Programmed | 19 | 2 ft ft KQ 


PROGRAMMING WAVEFORMS 


/ \ / 
XXX : nis | =e Vine 
fae AY “9 INPUT LINE NUMBER AND PRODUCT TERM LINE NUMBER ADORESSES 
AvAtare : ich rapmcssng marunttenargcan , a2 _ — Vicp 


FUSING 
TIME 


PROGRAMMED ee \ 


[| igh 4a | v| tl coe 


PROGRAMMING i VERIFY 


WF021231 


*The Pulse to Vip on pin 1 is unnecessary for fuse verification on. combinatorial parts. It is used as a 
clock pulse on registered parts and is kept to maintain algorithm compatibility. 
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AmPAL 18P8 


Input 


TABLE 1. INPUT ADDRESSING SIMPLIFIED PROGRAMMING DIAGRAM 


| Input Line Number 
Line Address Pin States 


mnoer To Te [7 [ola 
L L L cL Lf 


OOnN DAA WH ~ © 


LDO00050 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
| H 
H 
H 
_H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


Crrrerr LETTE rrr cer rer LLL lr lier roe cre 
Begs ee ie eee eee 
Sep leee rere ees oe eee ere eee eee ee 
ralrelLre ate Le kre sere Ler er Let erLe etree aes 


H = ViHP 


| HH = VHH 


*Output polarity. 


TABLE 2. PRODUCT TERM ADDRESSING 


Product Term 
Select 
Address Pin 


Product Term Line Number 


Output Enable 
Logical P.T.s 


VOnonmnh OND =O 


Output Polarity — 


Programming Access and Verify Pin 
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AmPAL"10H20EG8/AmPAL10020EG8 


IMOX-III™ ECL Programmable Array Logic 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


High-performance tpp = 6 ns, fyax = 125 MHz 

Eight user-programmable output logic macrocells for 
latched or combinatorial operation 

A registered version of the device is available as 
AmPAL10H20EV8 or AmPAL10020EV8 (see AMD Pub- 
lication No. 06176A) 

Up to twenty inputs and eight outputs 

Individually user-programmable output polarity 
Variable product-term distribution for increased design 
flexibility 

Individual product term for output enable 


Asynchronous-RESET and PRESET capability 
Power-up RESET capability 

PRELOAD for improved testability 

Special designed-in test features for full AC and DC 
testing 

Platinum-silicide fuses ensure high programming yield, 
fast programming and unsurpassed reliability 
10KH/100K ECL options 

50-ohm drive with wired-OR capability 

24-pin 300 mil DIPs and 28-pin chip carrier packages 


GENERAL DESCRIPTION 


The AmPAL10H20EG8/AmPAL10020EG8 is an advanced 
bipolar ECL Programmable Array Logic (PAL) device. It 
uses the familiar sum-of-products (AND-OR) single array 
logic structure, allowing users to program custom logic 
_ functions. Fabricated with AMD's new advanced bipolar 
IMOX-IIl SLOT-isolation process technology and combining 
the innovative architectural features of the AmMPAL22V10, 
the AmPAL10H20EG8/AmPAL10020EG8 represents the 
most advanced ECL PAL device available on the market 
today. 


The AmPAL10H20EG8/AmPAL10020EG8 contains up to 
twenty inputs and eight outputs. It incorporates AMD's 
unique output logic macrocell (as in the AmPAL22V10), 
which allows the user to define and program the architec- 
ture of each output on an individual basis. Each output can 
be user-programmable for either latched or combinatorial 
operation. Each output also has user-programmable out- 
put-polarity control, further simplifying the design. The 
flexibility of the programmable output logic macrocells 


BLOCK 


permits the system designer to tailor the device to paticular 
application requirements. 


Increased logic power has been built into the Am- 
PAL10H20EG8/AmPAL10020EG8 by providing a variable 
number of logical product terms per output. Four outputs 
have twelve logical product terms each, and the other four 
have eight logical product terms each. This variable alloca- 
tion of logical product terms allows complex functions to be 
implemented in a single ECL PAL device. Each output also 
has a separate output-enable product term. 


System operation has been enhanced by the addition of 
asynchronous-PRESET and RESET product terms for the 
AmPAL10H20EG8/AmPAL10020EG8. These product 
terms are common to all latched outputs. 


The AmPAL10H20EG8/AmPAL10020EG8 incorporates 
power-up RESET on all latched outputs. It also has the 
unique capability to PRELOAD latches to any desired state 
during testing. PRELOAD permits full logical verification 
during testing. 


DIAGRAM 


PROGRAMMABLE AND ARRAY 
(90 x 40) 
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AmPAL* 10H20EG8/AmPAL 10020EG8 


CONNECTION DIAGRAMS 


CD010170 
CD010180 


*Also available in PLCC. Pinouts identical to LCC. 


Note: Pin 1 is marked for orientation. 


PIN DESCRIPTION 


14-1144 Dedicated Input Pins (11) Vec Circuit Ground 
1/0;,~-1/Og _ Bidirectional Input/Output Pins (8) 
LE/!42 Latch Enable or Input Pin 


NC No Connect Vee Negative Supply Voltage 


Vco1, Vco2 Circuit Ground Pins for Outputs (2) 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Package Type 

D. Temperature Range 

E. Optional Processing 


AMPAL10H20EG8 -6 


[0 


aes 
. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
—__—_—— D. TEMPERATURE RANGE 


C = Commercial (0 to + 75°C)* 
E = Extended Commercial (-55 to + 125°C) 
* (0 to 85°C for 100K ECL) 


| 


C. PACKAGE TYPE 
P = 24-Pin Slim Plastic DIP (PD3024) 
D = 24-Pin Slim Ceramic DIP (CD3024) 
J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 
L = 28-Pin Ceramic Leadless Chip 
Carrier (CL 028) 


B. SPEED OPTION 
-~6=6 ns 
-8=8 ns* 


A. DEVICE NUMBER/DESCRIPTION 
AmPAL10H20EG8 = 10KH ECL 
AmPAL10020EG8 = 100K ECL 
IMOX-Ill ECL Programmable Array Logic 


“Extended Commercial Range only. 


Valid Combinations 






ee 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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AmPAL* 10H20EG8/AmPAL10020EG8 


ORDERING INFORMATION (Cont'd.) — 
APL Products | 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 
processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a 
combination of: A. Device Number | . 

B. Speed Option (if applicable) 

C. Device Class 

D. Package Type 

E. Lead Finish 


AMPAL10H20EG8 


. LEAD FINISH 
A= Hot Solder DIP 
C = Gold 


. PACKAGE TYPE 
L = 24-Pin Slim Ceramic DIP (CD3024) 
3 = 28-Pin Ceramic Leadless Chip 
Carrier (CL 028) 


. DEVICE CLASS 
/B =Class B 





. SPEED OPTION 
-~8=8 ns 


A. DEVICE NUMBER/DESCRIPTION 
AmPAL10H20EG8 (10KH ECL) 
IMOX-IIl Programmable Array Logic 


Valid Combinations 
Valid Combinations list configurations planned to be 
Valid Combinations supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 


combinations. 


Group A Tests 


Group A tests consists of Subgroups: 
1, 2, 3, 7, 8, 9, 10 & 11. 
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FUNCTIONAL DESCRIPTION 


The AmPAL10H20EG8/AmPAL10020EG8 is an advanced 
bipolar ECL I/O PAL device. It contains a programmable fuse 
array organized in the familiar sum-of-products (AND-OR) 
structure. 





The block diagram in Figure 1 illustrates the basic architecture 
of the AmMPAL10H20EG8/AmPAL10020EG8. There are up to 
twenty external inputs and eight outputs. The inputs are 
connected to a programmable-AND array. Initially, the AND 
gates are connected, via fuses, to both the true and comple- 
ment of every input. By selective programming (blowing) of the 














PROGRAMMABLE AND ARRAY 
(90 x 40) 


FU) KUL RU rU 
RESET 
OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
» pele, Lt LOGIC ans LOGIC -p OGIC Lib LOGIC LOGIC Lees ore LOUNS, Ht ae af Toole. 
MACROCELL aa MACROCELL Th cone |_Twacrocent aa ic +P alain | macoceL. | | ae 


fuses, the AND gates may be "connected" to only the true 
inputs, the complement inputs, or to neither type of input. 
When both the true and complement fuses are left intact, a 
logical-FALSE results at the output of the AND gate. An AND 
gate with all the fuses blown will assume the logical-TRUE 
state. The outputs of the AND gates are connected to fixed- 
OR gates. 


There are an average of ten product terms per OR gate 
(output), distributed in a variable fashion. Four outputs have 
eight product terms each while the other four have twelve 
product terms each. This variable distribution of product terms 
allows more complex logical functions to be implemented. 







LSI are 4 
yo Vo vo vo 


BD006751 


Figure 1. Block Diagram 


Output Logic Macrocells 


A useful feature of the AmPAL10H20EG8/AmPAL10020EG8 
is its versatile programmable output-logic-macrocell structure. 
it allows the user to program the outputs on an individual basis 
in a very flexible manner. 


The AmPAL10H20EG8/AmPAL10020EG8 output logic ma- 


crocell incorporates a transparent latch. As shown in the 
output logic macrocell diagram, each macroceil contains two 


programmable fuses — So and Sj, for programming the out- 
put functions. S; controls whether the output will be latched or 
combinatorial. Sg controls the output polarity (active-HIGH or 
active-LOW). Depending on the states of these two fuses, an 
individual output operates in one of four modes: Latched/ 
Active-LOW, Latched/Active-HIGH, Combinatorial/Active- 
LOW, and Combinatorial/Active-HIGH. Each output is also 
provided with a separate output enable product term. 


LDO00811 


Figure 2. AmMPAL10H20EG8/AmPAL10020EG8 Output Logic Macrocell 
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AmPAL* 10H20EG8/AmPAL 10020EG8 


LD000422 


Figure 3-1. Latched/Active-LOW 


LD000442 


Figure 3-2. Latched/Active-HIGH 


LD000431 
Figure 3-3. Combinatoriai/Active-LOW 


| | LD000451 
Figure 3-4. Combinatorial/Active-HIGH 


| Si | So | Output Configuration 
a Latched/Active-LOW 


Latched/Active-HIGH 


aac Be BE Combinatorial/Active-LOW 





tah aie Mies al Combinatorial/Active-HIGH 


0 = Unblown Fuse 
1 = Blown Fuse 


Feedback 


Another feature of the AmPAL10H20EG8/AmPAL10020EG8 
output macrocell structure is the flexibility of its feedback 
selection. The feedback can be from either the I/O line or the 
latched output. The feedback multiplexer is also controlled by 
the S; fuse. The feedback path changes with the output-mode 
selection. if the output is selected to be latched, the feedback 
is latched. If the output is combinatorial, the feedback is from 
the I/O line. This feature enables the designer to optimally use 
the device to meet precise application requirements. Addition- 
ally, it also allows him/her to perform control tasks, such as 
arbitration functions, easily. 


Output Enable 


Each of the eight output logic macrocells of the Am- 
PAL10H20EG8/AmPAL10020EG8 contains a dedicated prod- 
uct term for output-enable function. When this product term is 
asserted LOW, the output is forced into a LOW state where it 
remains until the output-enable product term goes HIGH. 


PRESET and RESET 


To improve in-system functionality, the AmPAL10H20EG8/ © 


AmPAL10020EG8 has additional PRESET and RESET prod- 
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uct terms. Common asynchronous-RESET and PRESET are 


provided for all the latches of the AmPAL10H20EG8/Am- 
PAL10020EG8. When the asynchronous PRESET product 
term is asserted HIGH the output latches are loaded with a 
HIGH and when the RESET product term is asserted HIGH the 
output latches are loaded with a LOW. For the RESET/ 
PRESET to work the latches should be in latched and not 
transparent mode. These functions are particularly useful for 
system power-on and reset. 


PRELOAD 


To simplify testing, the AmPAL10H20EG8/AmPAL10020EG8 
is designed with PRELOAD circuitry that provides an easy 
method for testing logical functionality. PRELOAD allows any 
arbitrary values to be loaded into the PAL device's output 
latches. 


A typical functional-test sequence would be to verify all 
possible outputs for the device being tested. To verify these 
transitions requires the ability to set the latches to an arbitrary 
‘present state’ value and to set the device inputs to any 
arbitrary ''present input’ value. Once this is done, the latch 
enable is driven transparent to allow logic to determine the 





"new state'' of the outputs. These outputs can then be 
checked to validate the design. 


Without PRELOAD capability, it is difficult and in some cases 
impossible to load an arbitrary value into the latches. This can 
lead to logic-verification sequences which are either incom- 
plete or excessively long. With PRELOAD capability, logic 
verification sequences can be greatly shortened, hence reduc- 
ing the test time and the development costs, and guaranteeing 
proper in-system operation. 


Fabrication 


The AmPAL10H20EG8/AmPAL10020EG8 is manufactured 
using Advanced Micro Devices' new IMOX-IIl SLOT-isolation 
process. This advanced process offers increased density and 
reduced internal capacitance resulting in the fastest possible 
programmable logic devices. 


The AmPAL10H20EG8/AmPAL10020EG8 is fabricated with 
AMD's fast programming and highly reliable platinum-silicide 
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fuse technology. Utilizing an easily implemented programming 
algorithm, these products can be rapidly programmed to any 
customized pattern. Platinum-silicide was selected as the 
fuse-link material to achieve a well controlled melt rate 
resulting in large non-conductive gaps which ensure very 
stable, long-term reliability. Extensive operating testing has 
proven that this low-field, large-gap technology offers the best 
reliability for fusible-link programmable logic. 


Testing 


The AmPAL10H20EG8/AmPAL10020EG8 contains many in- 
ternal test features, including circuitry and extra fuses which 
allow AMD to test each part before shipping. This ensures 
extremely high post-programming functional yields. The test 
fuses are programmed to assure the ability of each part to 
perform correct programming. There are extra test words 
which are preprogrammed during manufacturing and tested to 
ensure correct logical operation and provide extra test paths 
to achieve excellent parametric correlation. 
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AmPAL* 10H20EG8/AmPAL10020EG8 


PRODUCT TERMS 
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Figure 4. Logic Diagram — JEDEC Fuse Numbering for AmPAL10H20EG8/10020EG8 


Note: Pin out for DIP only. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ~65 to +150°C Commercial (C) Devices — 100K Devices 
Supply Voltage (Veg) Temperature (Ta) Operating Free Air 0 to +85°C 
with Respect to Ground Supply Voltage (Veg) -5.7 to -4.2 V 
DC Input Voltage 
with Respect to Ground 
Output Current 
-Continuous 


Commercial (C) Devices — 10KH Devices 
Temperature (Ta) Operating Free Air 
Supply Voltage (VEE) 


Extended Commercial (E) Devices 
Temperature (Ta) 
Temperature (Tc) Operating Case 
Supply Voltage (Veg) 


Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device Military” (M) Devices 

reliability. Temperature (Ta) —55°C Min. 
Temperature (Tc) + 125°C Max. 
Supply Voltage (VEE) -5.72 to ~4.68 V 
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Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


*Military product 100% tested at Tc = +25°C, +125°C 
and —55°C. 


DC CHARACTERISTICS over operating range unless otherwise specified 
AmPAL10H20EG8 (Commercial) 


Parameter Parameter 
Symbols Description — Test Conditions Min 























VOH Output HIGH Voltage re + 25°C mV 

VIN = VIH (Max.) OF VIL (Min.) 
VoL Output LOW Voltage | 
Vin Input HIGH Voltage car Inpu| mV 








- 1950 - 1480 
Input LOW Volt Ue + 25°C | -1950 - 1480 mV 





4{A]A 
> | > |> 
HY uy a 
+] +19 
NU] Po 
sl8)3 
QO 





Current VIN = Vit. (Min.) 

















Power Supply Current All Inputs and Outputs Open 





Table continues on following page. 
Notes: See notes following Military DC characteristics table. 
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AmPAL*10H20EG8/AmPAL 10020EG8 






AmPAL10H20EG8 (Military); included in Group A, Subgroup 1, 2, 3 tests unless otherwise noted. 


' Parameter . 
Description Test Conditions ! 









| Parameter 
Symbols 

































































VoH Output HIGH Voltage 
Vin = Vind (Max.) OF VIL (Min.) 50 oe Vv 
VOL Output LOW Voltage : 
) 
Vin Input HIGH Voltage ec aie input HIGH Voltage 
ViL Input LOW Voltage ee input LOW Voltage mV 
. TBD TBD 
NH input HIGH Current ot BA 
Vi. Input LOW Current pA 


Test Conditions 






Vin = Vin, (Max.) or Viz (Min.) 
Loading is 
50 2 to -2.0 V 


: Min Vin (Min) oF Vy (Max) | Cf 1610 |v 
[ty | trout Current HIGH | Vin=Vnn Waxy) SSSSCSC~dCSCSCSC*dSC0 

Nie Vin = Vit (Min.) | a a 
[lez | Power Supply Current | All inputs and Outputs Open [280 [ma 


Notes: 1. Guaranteed with transverse air flow exceeding 400 linear F.P.M. 











2. The relative values of the specified conditions and limits will be referenced to an algebraic scale. The extremities of the scale are: 
"'Max."' the value closest to positive infinity. 
"Min." the value closest to negative infinity. 

3. These are absolute voltages with respect to the device ground pin and include all overshoots due to system and/or tester noise. 

Do not attempt to test these values without suitable equipment and fixturing. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified; included in Group A, 
Subgroup 9, 10, 11 tests unless otherwise noted 


E/M Devices 
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RESET/PRESET to Latched 
Output RESET/PRESET 
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AmPAL* 10H20EG8/AmPAL 10020EG8 


SWITCHING TEST CIRCUIT 


0.1 pF } 0.1 pF 








oe ee 
-5.2 V for 10KH . a 
-4.5 V for 100K 
TC003930 
*CL=5 pf for 10KH 
CL =3 pf for 100KH 
SWITCHING TEST WAVEFORM 
INPUT PULSE 
-0.9 V 
-1.7V 
WF023080 


tR = tp = 2.2 ns Max. for 10KH 
tR = te = 1.0 ns Max. for 100K 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


KEY TO SWITCHING WAVEFORMS 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
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“OFF” STATE 


KS000010 


SWITCHING WAVEFORMS 


INPUTS, I/O, FEEDBACK 


t 





t 
W 
LS Se 
7 r a 
ASYNC RESET/PRESET al 
LATCHED 


ourPurs i TCR —_T TH 


Cie 2 
COMBINATORIAL a iB 
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AmPAL*10H20EG8/AmPAL10020EG8 





and the timing necessary to perform the PRELOAD function 
are detailed below. 







PRELOAD OF LATCHED OUTPUTS 


The AmPAL10H20EG8/AmPAL10020EG8 latched outputs 

are provided with circuitry to allow loading each latch to either — PRELOAD is accessed by applying Vpp on pin 23. The data to 
a HIGH or LOW state. This simplifies testing as any state can be preloaded is set on the output pins. Bringing pin 23 back to 
be loaded into the latches to control outputs. The pin levels a logic-LOW level latches the data into the output latches. 


Parameter Parameter 
Symbol Description 
Input HIGH Level During 
PRELOAD and Verify 
Input LOW Level During 
PRELOAD Enable Voltage 























Yor 













OUTPUTS 






’ DISABLE OUTPUTS APPLY EXTERNAL DATA PRELOADED REMOVE EXTERNAL 
ENABLE PRELOAD INPUTS TO BE AND PRELOAD INPUTS 
PRELOADED DISABLED 





WF023100 
PRELOAD Timing Waveform 





power-up RESET and the wide range of ways Vcc can rise to 


POWER-UP RESET > 
steady state, two conditions are required to insure a valid 
The latches in the AmMPAL10H20EG8/AmPAL10020EG8 have power-up RESET. These conditions are: 


been designed with the capability to RESET during system 










power-up. Following power-up, all latches will be LOW. The 1. The Vcc rise must be monotonic. 

output state will depend upon the state of the output buffer 

and the polarity fuse. This feature provides extra flexibility to 2. Following RESET, the Latch Enable must not be driven 
the designer. A timing diagram and a parameter table are transparent until all applicable input and feedback setup 


shown below. Due to the asynchronous operation of the times are met. 






LATCHED 
ACTIVE-LOW OUTPUT 
PIN 


WF022303 















Parameter Parameter | 
Symbol Description Typ. 
Power-Up 


Input or Feedback 
Setup Time 


TE width 








See Switching Characteristics 
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PROGRAMMING AND VERIFICATION 


The AmPAL10H20EG8/AmPAL10020EG8 is programmed 
and verified usirig AMD's ECL programmable-logic-program- 
ming algorithm. The fuse to be programmed is selected by its 
input line number (array row), its product-term number (array 
column), and by the output associated with it (one at a time). 
The levels for addressing the rows and columns are all in ECL 
(10KH) levels. The fuse is then programmed and verified by 
applying a simple sequence of voltages as shown in the 
programming waveform diagram. The values of the program- 
ming voltages are shown in the table of programming parame- 
ters. 





Input line numbers (0 to 39) are addressed using a full decode 
scheme via ECL levels on pins 9-11 and'13 - 15 where pin 
15 is the LSB and pin 9 is the MSB. Input line addressing is 
shown in Table 1. Note that one input line is given to select ail 
the architectural fuses. 


Product terms are addressed using a full decode scheme via 
ECL levels on pins 1, 2, 22 and 23 where pin 23 is the LSB and 
pin 1 is the MSB. Product terms (column number) addressing 
is shown in Table 2. 


The sequence of signals and events associated with them 
during programming and verification modes is shown in the 
Programming Waveforms. The row and column addresses are 
set up on the corresponding input pins. Then Vco; (pin 6) is 
brought to a programming voltage of Vcop. The normal !/O 
pins are now disabled and the address decode is enabled. The 
device is now in a verification mode. Vcoe2 (pin 19) is now 
brought to the Vcop programming voltage. The programming 
mode is enabled. A high voltage of Vop (Fuse-Enable Voltage) 
on the output pin corresponding to the fuse to be blown 
activates the programming voltage, and the fusing is started. 





PROGRAMMING PARAMETERS (Ta = 25°C) 







After a certain programming time, the fuse is blown and the 
programming voltage is removed from Vcoo. The device is 
back in the verification mode. Latch Enable is HIGH during 
programming. It is then brought LOW to enable the latches 
and verify for VBiown level (ViHp or Vi_p). After verification is 
done, the programming voltage is removed from Vco 1 and the 
part is back in normal mode. 


Security Programming 


A security fuse is provided on each AmPAL10H20EG8/ 
AmPAL10020EG8 to protect any user proprietary logic design. 
It is addressed and programmed like any other fuse in the 
array. Once blown, the circuitry enabling any fuse verification 
and latch PRELOAD is permanently disabled. The security 
fuse is verified by verifying the whole fuse array as if every 
fuse was blown. 


Programming Yield 


AMD PAL devices have been designed to ensure extremely 
high programming yields. To help ensure that a part was 
correctly programmed, once the programming is completed 
the entire fuse array should be re-verified at both LOW and 
HIGH Vcc. Re-verification can be accomplished by reading all 
eight outputs in parailel rather than one at a time. This 
verification cycle checks that the array fuses have been blown 
and can be sensed by the outputs under varying conditions. 


AMD PAL devices contain many internal features, including 
circuitry and extra fuses to test the ability of each part to 
perform programming before shipping, and to assure a correct 
logical operation for a correctly programmed part. Program- 
ming-yield losses are most likely due to poor programming 
socket contact, programming equipment out of calibration, or 
improper usage of said equipment. 
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Parameter Symbol Parameter Description 7 | Min. | Typ. | Max. | Units | 





Fuse Enable Voltage Applied to Output Being 
Programmed @ 1-25 mA (Additional 80 mA 
if Output Terminated to 50-ohm Load) 


Programming Voltage Applied to Vco1, Vco2 


Power Supply for the Output Stage Sourcing por | o | or | vi | 


en ka Sd Smee 
0.3 V 






< 
.e) 


Vcop 


oe 


loc = 50-250 mA Sourcing 
Icc = 50-150 mA Sinking 


VEEP VEE al Programming & Verify 


Vcocp 





VONP 


1. ee Oe 
[Reig Tine Fret Atanpt 00 | 
[Fusing Time Second Atemst ——=S~S~i | Yt 
Se 


PRELOAD During Which Output is Sensed for 
VBLOWN (Vip or Vi_p) Level 
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| 4 5 | 7 
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AR = Async. RESET 
AP = Async. PRESET 
OE = Output Enable 
R/C = Reg/Comb Fuse 
OP = Output Polarity Fuse 
SF = Security Fuse 


PROGRAMMING WAVEFORMS 


ADDRESS " 
IHP 
ViLP 


Vcop 





1. Row and Column addresses 
applied. 

2. Normal !/O pins disabled. 

3. Programming Voltage applied 
address decode enable. 

4. Output associated with fuse 
to be blown selected. Fusing 
time started. 

5. Fusing time ended. 

6. Programming Voltage removed. 
Device in Verification Mode. 

7. LE Pulse. 

8. Verify for VBLOWN level. 

9. End of Programming and 
Verification Cycle. 


PINS 





WF023110 
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AmPAL*10H20EG8/AmPAL10020EG8 


AmPAL 10H20EG8/AmPAL 10020EG8 PROGRAMMING SUPPORT INFORMATION 


System 29 Under Development Not Required . 
UNISITE 40 Not Required | Not Required 


Model PPZ | Under Development | Not Required 
pee lesan af Model ZL30A | | Under Development Not Required 


The machines noted above have been qualified by AMD to ensure high programming yields. Check with the factory to 
determine current status of equipment noted as ''Under Development,'' or for other available models. 





















Hardware Vendor 


Data |/O 
10525 Willow Road N.E. 
Redmond, WA 98052 

(206) 881-6444 


Stag Microsystems 
528-5 Weddell Drive 
Sunnyvale, CA 94089 















Design-Aid Software for AmPAL10H20EG8/AmPAL10020EG8 


Software Vendor Software Package 


P-CAD Systems, Inc. 
1290 Parkmoor Ave. 
San Jose, CA 95126 
(408) 971-1300 


Advanced Micro Devices, Inc. 
901 Thompson PI. 
Sunnyvale, CA 94088 

(408) 732-2400 


Data I/O 
10525 Willow Road N.E. 
Redmond, WA 98052 

(206) 881-6444 
























Supported by P-CAD 
Systems, Inc. 





AmCUPL 
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AmPAL*10H20EV8/AmPAL10020EV8 


IMOX-III™ ECL Programmable Array Logic 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


High-performance tpp = 6 ns, fyax = 125 MHz 

Eight user-programmable output logic macrocells for 
registered or combinatorial operation 

A latched version of the device is available as Am- 
PAL10H20EG8 or AmPAL10020EG8 (see AMD Publica- 
tion No. 08545A) 

Up to twenty inputs and eight outputs 

Individually user-programmable output polarity 
Variable product-term distribution for increased design 
flexibility 

Individual product term for output enable 


Asynchronous-RESET and PRESET capability 
Power-up RESET capability 

PRELOAD for improved testability 

Special designed-in test features for full AC and DC 
testing 

Platinum-silicide fuses ensure high programming yield, 
fast programming and unsurpassed reliability 
10KH/100K ECL options 

50-ohm drive with wired-OR capability 

24-pin 300 mil DIPs and 28-pin chip carrier packages 


GENERAL DESCRIPTION 


The AmMPAL10H20EV8/AmPAL10020EV8 is an advanced 
bipolar ECL Programmable Array Logic (PAL) device. It 
uses the familiar sum-of-products (AND-OR) single array 
logic structure, allowing users to program custom logic 
functions. Fabricated with AMD's new advanced bipolar 
IMOX-III SLOT-isolation process technology and combining 
the innovative architectural features of the AmPAL22V10, 
the AmPAL1OH20EV8/AmPAL10020EV8 represents the 
most advanced ECL PAL device available on the market 
today. 


The AmMPAL1OH20EV8/AmPAL10020EV8 contains up to 
twenty inputs and eight outputs. It incorporates AMD's 
unique output logic macrocell (as in the AmPAL22V10), 
which allows the user to define and program the architec- 
ture of each output on an individual basis. Each output can 
be user-programmable for either registered or combinatori- 
al operation. Each output also has user-programmable 
output-polarity control, further simplifying the design. The 
flexibility of the programmable output logic macrocells 


permits the system designer to tailor the device to paticular 
application requirements. 


Increased logic power has been built into the Am- 
PAL10H20EV8/AmPAL10020EV8 by providing a variable 
number of logical product terms per output. Four outputs 
have twelve logical product terms each, and the other four 
have eight logical product terms each. This variable alloca- 
tion of logical product terms allows complex functions to be 
implemented in a single ECL PAL device. Each output also 
has a separate output-enable product term. 


System operation has been enhanced by the addition of 
asynchronous-PRESET and RESET product terms for the 
AmPAL10H20EV8/AmPAL10020EV8. These product 
terms are common to all registered outputs. 


The AmPAL10H20EV8/AmPAL10020EV8 incorporates 
power-up RESET on all registered outputs. It also has the 
unique capability to PRELOAD registers to any desired 
state during testing. PRELOAD permits full logical verifica- 
tion during testing. 


BLOCK DIAGRAM 


PROGRAMMABLE AND ARRAY 
(90 x 40) 


Baiedd || | ourpur 
> LOGIC 
maaenceut ata wacrocet} | 
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“PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 


IMOX is a trademark of Advanced Micro Devices, Inc. 


see uncnocet. | be 
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AmPAL*10H20EV8/AmPAL10020EV8 


1/04-1/Og Bidirectional Input/Output Pins (8) 


CONNECTION DIAGRAMS 


if Pe fl 
Oo LT @ 


| 
tw 
> 


CD010171 
CD010181 


*Also available in PLCC. Pinouts identical to LCC. 


Note: Pin 1 is marked for orientation. 


PIN DESCRIPTION 
I4-144 Dedicated Input Pins (11) Vcc Circuit Ground 


Voo1, V Circuit Ground Pins for Outputs (2) — 
CLK/ly2 | Clock or Input Pin co1, “coz “ puts (2) 


NC No Connect = Vee Negative Supply Voltage 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Package Type 

D. Temperature Range 

E. Optional Processing 


AMPAL10H20EV8 -6 P Cc 


—— OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


D. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C)* 
E = Extended Commercial (-55 to + 125°C) 
* (0 to 85°C for 100K ECL) 


C. PACKAGE TYPE 
P = 24-Pin Slim Plastic DIP (PD3024) 
D = 24-Pin Slim Ceramic DIP (CD3024) 
J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 
L = 28-Pin Ceramic Leadiess Chip 
Carrier (CL 028) 


B. SPEED OPTION 
-6=6 ns 
-8=8 ns* 


A. DEVICE NUMBER/DESCRIPTION 
AmPAL10H20EV8 = 10KH ECL 
AmPAL10020EV8 = 100K ECL 
IMOX-IIl ECL Programmable Array Logic 


“Extended Commercial Range only. 


Valid Combinations 






| Valid Combinations 


AMPAL10H20EV8-6 PC, DC, DCB, 
AMPAL 10020EV8-6 JC, LC, LCB 






Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 






AMPAL10H20EV8-8 
AMPAL10020EV8-8 DE, LE 
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AmPAL* 10H20EV8/AmPAL10020EV8 


ORDERING INFORMATION (Cont'd.) 
APL Products | 


AMD products for Aerospace and Defense applications are available in several: packages and operating ranges. APL (Approved 


- Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 


processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a 
combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Device Class 

D. Package Type 

E. Lead Finish 


AMPAL10H20EV8 =8 JB. 


\- 


A 
|, LEAD FINISH 


A= Hot Solder DIP 
C = Gold 


D. PACKAGE TYPE 
L = 24-Pin Slim Ceramic DIP (CD3024) 
3 = 28-Pin Ceramic Leadless Chip 
Carrier (CL 028) 


C. DEVICE CLASS 
/B =Class B 


B. SPEED OPTION 
-8=8 ns 


A. DEVICE NUMBER/DESCRIPTION 
AmPAL10H20EV8 (10KH ECL) 
IMOX-IIi Programmable Array Logic 


Valid Combinations 
Valid Combinations list configurations planned to be 
Valid Combinations supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 


combinations. 


_ Group A Tests 


Group A tests consists of Subgroups: 
1, 2, 3, 7, 8, 9, 10 & 11. 
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FUNCTIONAL DESCRIPTION 


The AmPAL1OH20EV8/AmPAL10020EV8 is an advanced 
bipolar ECL I/O PAL device. It contains a programmable fuse 
array organized in the familiar sum-of-products (AND-OR) 
structure. 





The block diagram in Figure 1 illustrates the basic architecture 
of the AmPAL10H20EV8/AmPAL10020EV8. There are up to 
twenty external inputs and eight outputs. The inputs are 
connected to a programmable-AND array. Initially, the AND 
gates are connected, via fuses, to both the true and comple- 
ment of every input. By selective programming (blowing) of the 
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Output Logic Macrocellis 


A useful feature of the AmPAL1O0H20EV8/AmPAL10020EV8 
is its versatile programmable output-logic-macrocell structure. 
It allows the user to program the outputs on an individual basis 
in a very flexible manner. 


The AmMPAL10H20EV8/AmPAL10020EV8 output logic macro- 
cell incorporates an edge triggered register. As shown in the 
output logic macrocell diagram, each macrocell contains two 








PROGRAMMABLE ANO ARRAY 
(90 40) 


Pap PARA PARRA RAD PARE: 
Tuacrocs Hp ase 12a, 


cone 
+p macnocen | Hes wcnocen. | 4 CROCELL MACROCELL 
Va 


Figure 1. Block Diagram 


Figure 2. AmMPAL10H20EV8/AmPAL10020EV8 Output Logic Macrocell 


fuses, the AND gates may be "'connected" to only the true 
inputs, the complement inputs, or to neither type of input. 
When both the true and complement fuses are left intact, a 
logical-FALSE results at the output of the AND gate. An AND 
gate with all the fuses blown will assume the logical-TRUE 
state. The outputs of the AND gates are connected to fixed- 
OR gates. 


There are an average of ten product terms per OR gate 
(output), distributed in a variable fashion. Four outputs have 
eight product terms each while the other four have twelve 
product terms each. This variable distribution of product terms 
allows more complex logical functions to be implemented. 








petted 
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programmable fuses — So and S41, for programming the out- 
put functions. S; controls whether the output will be registered 
or combinatorial. So controls the output polarity (active-HIGH 
or active-LOW). Depending on the states of these two fuses, 
an individual output operates in one of four modes: Regis- 
tered/Active-LOW, Registered/Active-HIGH, Combinatorial/ 
Active-LOW, and Combinatorial/Active-HIGH. Each output is 
also provided with a separate output enable product term. 
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AmPAL* 10H20EV8/AmPAL10020EV8 


LD000422 


Figure 3-1. Registered/Active-LOW | 


LD000442 


Figure 3-2. Registered/Active-HIGH 


.D000431 
Figure 3-3. Combinatorial/Active-LOW 


LD000451 
Figure 3-4. Combinatorial/Active-HIGH 


Output Configuration 
Registered/Active-LOW 


Registered/Active-HIGH 
Combinatorial/Active-LOW 





Combinatorial/Active-HIGH 


0 = Unblown Fuse 
1 = Blown Fuse 


Feedback 


Another feature of the AmPAL1O0H20EV8/AmPAL10020EV8 
output macrocell structure is the flexibility of its feedback 
selection. The feedback can be from either the |/O line or the 
registered output. The feedback multiplexer is also controlled 
by the S; fuse. The feedback path changes with the output- 
mode selection. If the output is selected to be registered, the 
feedback is registered. If the output is combinatorial, the 


feedback is from the I/O line. This feature enables the — 


designer to optimally use the device to meet precise applica- 
tion requirements. Additionally, it also allows him/her to make 
complex control state machines for particular design require- 
ments. 


Output Enable 


Each of the eight output logic macrocells of the Am- 
PAL1OH20EV8/AmPAL10020EV8 contains a dedicated prod- 
uct term for output-enable function. When this product term is 
asserted LOW, the output is forced into a LOW state where it 
remains until the output-enable product term goes HIGH. 
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PRESET and RESET 


To improve in-system functionality, the AmPAL1OH20EV8/ 
AmPAL10020EV8 has additional PRESET and RESET prod- 
uct terms. Common asynchronous-RESET and PRESET are 
provided for all the registers of the AmPAL1O0H20EV8/Am- 
PAL10020EV8. When the asynchronous PRESET product 
term is asserted HIGH the output registers are loaded with a 
HIGH and when the RESET product term is asserted HIGH the 
output registers are loaded with a LOW independent of the 
clock. These functions are particularly useful for system 
power-on and reset. 


PRELOAD 


To simplify testing, the AmPAL1O0H20EV8/AmPAL10020EV8 
is designed with PRELOAD circuitry that provides an easy 
method for testing logical functionality. PRELOAD allows any 
arbitrary values to be loaded into the PAL device's output 
registers. | 


A typical functional-test sequence would be to verify all 
possible outputs for the device being tested. To verify these 
transitions requires the ability to set the state registers to an 
arbitrary ''present state'' value and to set the device inputs to 





any arbitrary ‘present input'' value. Once this is done, the 
state machine is then clocked into a new state, or "next 
state.'' The next state is then checked to validate the 
transition from the present state. In this way any state 
transition can be checked. 


Without PRELOAD capability, it is difficult and in some cases 
impossible to load an arbitrary present state value into the 
registers. This can lead to logic-verification sequences which 
are either incomplete or excessively long. With PRELOAD 
capability, logic verification sequences can be greatly short- 
ened, hence reducing the test time and the development 
costs, and guaranteeing proper in-system operation. 


Fabrication 


The AmPAL10H20EV8/AmPAL10020EV8 is manufactured 
using Advanced Micro Devices' new IMOX-IIIl SLOT-isolation 
process. This advanced process offers increased density and 
reduced internal capacitance resulting in the fastest possible 
programmable logic devices. 
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The AmPAL10H20EV8/AmPAL10020EV8 is fabricated with 
AMD's fast programming and highly reliable platinum-silicide 
fuse technology. Utilizing an easily implemented programming 
algorithm, these products can be rapidly programmed to any 
customized pattern. Platinum-silicide was selected as the 
fuse-link material to achieve a well controlled melt rate 
resulting in large non-conductive gaps which ensure very 
stable, long-term reliability. Extensive operating testing has 
proven that this low-field, large-gap technology offers the best 
reliability for fusible-link programmable logic. 


Testing 


The AmMPAL10H20EV8/AmPAL10020EV8 contains many in- 
ternal test features, including circuitry and extra fuses which 
allow AMD to test each part before shipping. This ensures 
extremely high post-programming functional yields. The test 
fuses are programmed to assure the ability of each part to 
perform correct programming. There are extra test words 
which are preprogrammed during manufacturing and tested to 
ensure correct logical operation and provide extra test paths 
to achieve excellent parametric correlation. 
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AmPAL* 10H20EV8/AmPAL10020EV8 


PRODUCT TERMS 
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Figure 4. Logic Diagram — JEDEC Fuse Numbering for AmPAL10H20EV8/AmPAL 10020EV8 


Note: Pin out for DIP only. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 3 
Storage Temperature ...................c cece eee -65 to + 150°C Commercial (C) Devices — 100K Devices ha 
Supply Voltage (Veg) Temperature (Ta) Operating Free Air........ 0 to +85°C » 
with Respect to Ground ...................0eeee: -8VtoOV Supply Voltage (VEE)............cceeee eee eee ~5.7 to -4.2 V a) 
— 

be snout woltage Commercial (C) Devices — 10KH Devices N 
with Respect to Ground .................0:ce eee e ee Veg toO0 V : ‘ ° =) 
Temperature (Ta) Operating Free Air ........ 0 to +75°C Pr 

Output Current Supply Voltage (Veg) -5.46 to -4.94 V < 
=(GOMUMUOUS sich iucits denen htiwedetwCecdarxtes eiceceadedasds SosA 9. SCRE ELS pe eae a ; © 
SC UNOS selesu ce ean sake cows sastarkconsee a csateaaties 100 mA Extended Commercial (E) Devices > 
Stresses above those listed under ABSOLUTE MAXIMUM Temperature (Ta).......... eee oo C Min. 3 
; ; : Temperature (Tc) Operating Case .......... + 125°C Max. n°) 

RATINGS may cause permanent device failure. Functionality Supply Voltage (VEE) 572 to -4.68 V > 
at or above these limits is not implied. Exposure to absolute PPly g aa r 
maximum ratings for extended periods-may affect device Military* (M) Devices oO 
reliability. Temperature (Ta)........c.ccececeeeseeececueeeasees -55°C Min. = 
Temperature (TC) ........ccceeeeeeeeee eee eeee eens + 125°C Max. =) 

Supply Voltage (VEE) ....-...seeeeeeeeeeees -5.72 to -468 VV | @ 

fe) 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


*Military product 100% tested at Tc = +25°C, +125°C 
and -—55°C. 


DC CHARACTERISTICS over operating range unless otherwise specified 
AmPAL10H20EV8 (Commercial) 


Parameter Parameter 
Symbols Description Test Conditions 




















VOH Output HIGH Voltage (Ta = +25°C | 
Ta = +75°C 
VIN = VIH_ (Max.) OF VIL (Min.) 
Vin input HIGH Voltage oa Input HIGH Y, >| mV 
+75°C | -1070 
-1950 | -1480 

VIL Input LOW Voltage +25°C | -1950 | -1480 mV 

) -~1980 | -1450 
lH 


Teo 
P| 220 
[05 







Vin = Vit (Min.) 


Power Supply Current All Inputs and Outputs Open 








Table continues on following page. 
Notes: See notes following Military DC characteristics table. 
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AmPAL* 10H20EV8/AmPAL 10020EV8 






AmPAL10H20EV8 (Military); included in Group A, Subgroup 1, 2, 3 tests unless otherwise noted. | | 













Parameter 
Description 


Parameter 
Symbols — 







Test Conditions 







































VoH Output HIGH Voltage Ta=+25°C | TBD | TBD |. 
VIN = VIH (Max) OF VIL (Min) | 65 eee Sia ee — 
| 
VoL Output LOW Voltage gol TBt 
Vin Input HIGH Voltage ‘ea Input HIGH Voltage Tr °C 
TA 5 
VIL Input LOW Voltage preebeate Input LOW Voltage 
NH Input HIGH Current 












; LA 
A 





Input LOW Current 


Ta=+75°C | TBD 


mA 


tala 
w| ow 
ala 








[1085 [680] 
[1095 | 
ial 
ii65 | 


Test Conditions 








Vin = Vin, (Max.) or Vit (Min.) 







Loading is 


wiput Voltage HIGH 50 2 to -2.0 V 


| 650 | 
[ia [put Curent HIGH Vin=Vin ex) SCSCSC~“~Ss*C~sSSCSC*dSC 
[in tnput Curent Low | Y= Vu Win) SCSCSC—C—SsSCSCi 
[lee | Power Supply Gurrent__| Al nputs_ and Outputs Open_—————SSSSSCSCS~d C8 


Notes: 1. Guaranteed with transverse air flow exceeding 400 linear F.P.M. 
2. The relative values of the specified conditions and limits will be referenced to an algebraic scale. The extremities of the scale are: 
'""Max."’ the value closest to positive infinity. 
"Min."' the value closest to negative infinity. 
3. These are absolute voltages with respect to the device ground pin and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values. without suitable equipment and fixturing. 


~1610 





Vin = Vin (Min.) or Vi, (Max.) 


mV 
mV 
mV 
mV 
mV 
mV 
LA 
mA 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified; included in Group A, 
Subgroup 9, 10, 11 tests unless otherwise noted 










C Devices E/M Devices 






Parameter 











Parameter Description Test Conditions 


1 [to | put or Feodback to Ou 


| tea 
| ter 
| tco 
pe eres 
Time 
pote 
eas 
| tw 


Hold Time 
Clock Period (ts + tco) 


8A30Z00} TWdWiV/8AS0Z2HOl « Wdwy 


RESET/PRESET to 
Registered Output 
RESET/PRESET 
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AmPAL*10H20EV8/AmPAL 10020EV8 





‘SWITCHING TEST CIRCUIT 


0.1 pF } 0.1 pF | 





Cot 


INPUT 


-§.2 V for 10KH 
-4.5 V for 100K 


TCO003930 


*C_ =5 pf for 10KH 
CL =3 pf for 100KH 


SWITCHING TEST WAVEFORM 
INPUT PULSE 


WF023080 


tR = te = 2.2 ns Max. for 10KH 
tk = tf = 1.0 ns Max. for 100K 
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INPUTS [/O, 
REGISTERED 
FEEOBACK 


ASYNCHRONOUS 
PRESET, RESET 


REGISTERED 
OUTPUTS: 


COMBINATORIAL 
OUTPUTS: 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 


UNKNOWN 


CENTER 


LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 


SWITCHING WAVEFORMS 


\WXYY} a OXYYYKXXXYYYKK YY 
WY RA 


ts 


tco 


tep 


\AAAAAAA} 
VAN 
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AmPAL* 10H20EV8/AmPAL10020EV8 








PRELOAD OF REGISTERED OUTPUTS 


~The AmPAL10H20EV8/AmPAL10020EV8 registered outputs 


are provided with circuitry to allow loading each register to 
either a HIGH or LOW state. This simplifies testing as any 
state can be loaded into the registers to control test sequenc- 


Parameter 
Symbol! 











Applied to Pin 23 









OUTPUTS 








Parameter 
Description 
V Input HIGH Level During 
lH PRELOAD and Verify 
V Input LOW Level During 
IL PRELOAD and Verify 
EEa 


ipti Typ. 
Duri ~1.1 


PRELOAD Enable Voltage 


ing. The pin levels and the timing necessary to perform the 
PRELOAD function are detailed below. 


PRELOAD is accessed by applying Vpp on pin 23. The data to 
be preloaded is set on the output pins. Bringing pin 23 back to 
a logic-LOW level loads the data into the output registers. 


DISABLE OUTPUTS APPLY EXTERNAL DATA PRELOADED REMOVE EXTERNAL 
ENABLE PRELOAD INPUTS TO BE AND PRELOAD INPUTS 
PRELOADED DISABLED : 
: WF023100 


POWER-UP RESET 


The registers in the AmPAL10H20EV8/AmPAL10020EV8 
have been designed with the capability to RESET during 
system power-up. Following power-up, all registers will be 
LOW. The output state will depend upon the state of the 
output buffer and the polarity fuse. This feature provides extra 
flexibility to the designer. A timing diagram and a parameter 
table are shown below. Due to the asynchronous operation of 






REGISTERED ACTIVE . 
LOW OUTPUT 


Power-Up 
RESET Time 


PRELOAD Timing Waveform 


Parameter Parameter | | 
Symbol Description Typ. 
Input or Feedback 
Setup Time 


Clock Width 





the power-up RESET and the wide range of ways Vcc can rise 
to steady state, two conditions are required to insure a valid 
power-up RESET. These conditions are: 


1. The Vcc rise must be monotonic. 
2. Following RESET, the CLK input must not be driven from 


LOW-to-HIGH until all applicable input and feedback 
setup times are met. 







WF022301 





Mish ee 


See Switching Characteristics 













PROGRAMMING AND VERIFICATION 


The AmPAL10H20EV8/AmPAL10020EV8 is programmed and 
verified using AMD's ECL programmabie-logic-programming 
algorithm. The fuse to be programmed is selected by its input 
line number (array row), its product-term number (array col- 
umn), and by the output associated with it (one at a time). The 
levels for addressing the rows and columns are all in ECL 
(10KH) levels. The fuse is then programmed and verified by 
applying a simple sequence of voltages as shown in the 
programming waveform diagram. The values of the program- 
ming voltages are shown in the table of programming parame- 
ters. 


Input line numbers (0 to 39) are addressed using a full decode 
scheme via ECL levels on pins 9-11 and 13-15 where pin 
15 is the LSB and pin 9 is the MSB. Input line addressing is 
shown in Table 1. Note that one input line is given to select all 
the architectural fuses. 


Product terms are addressed using a full decode scheme via 
ECL levels on pins 1, 2, 22 and 23 where pin 23 is the LSB and 
pin 1 is the MSB. Product terms (column number) addressing 
is shown in Table 2. 


The sequence of signals and events associated with them 
during programming and verification modes is shown in the 
Programming Waveforms. The row and column addresses are 
set up on the corresponding input pins. Then Vco, (pin 6) is 
brought to a programming voltage of Vcop. The normal I/O 
pins are now disabled and the address decode is enabled. The 
device is now in a verification mode. Vco2 (pin 19) is now 
brought to the Vcop programming voltage. The programming 
mode is enabled. A high voltage of Vop (Fuse-Enable Voltage) 
on the output pin corresponding to the fuse to be blown 
activates the programming voltage, and the fusing is started. 


PROGRAMMING PARAMETERS (Ta = 25°C) 


Parameter Symbol Parameter Description ee eee 
VHP Input HIGH Level During Programming & Verify | -11 | -09 | -07 | vi 
VILP Input LOW Level During Programming & Verify -1.85 


Fuse Enable Voltage Applied to Output Being 
Vop Programmed @ 1-25 mA (Additional 80 mA 
if Output Terminated to 50-ohm Load) 


Programming Voltage Applied to Vco1, Vco2 





VcoP @ 15-200 mA 


Vcoi & 


Power Supply for the Output Stage Sourcin 
Vco2 pply p g g 


Vcc During Programming & Verify 


Vocp Icc = 50-250 mA Sourcing 


Icc = 50-150 mA Sinking 


VEEP VEE eu Programming & Verify 


VONP 


or 





PRELOAD During Which Output is Sensed for 
VBLOWN (ViHP or Vi_p) Level 


After a certain programming time, the fuse is blown and the 
programming voltage is removed from Vcoe2. The device is 
back in the verification mode. A high clock pulse triggers the 
output registers which are then verified for Veiqwn level (ViHP 
or Vi_p). After verification is done, the programming voltage is 
removed from Voo1 and the part is back in normal mode. 


Security Programming 


A security fuse is provided on each AmPAL10H20EV8/ 
AmPAL10020EV8 to protect any user proprietary logic design. 
It is addressed and programmed like any other fuse in the 
array. Once blown, the circuitry enabling any fuse verification 
and register PRELOAD is permanently disabled. The security 
fuse is verified by verifying the whole fuse array as if every 
fuse was blown. 


Programming Yield 


AMD PAL devices have been designed to ensure extremely 
high programming yields. To help ensure that a part was 
correctly programmed, once the programming is completed 
the entire fuse array should be re-verified at both LOW and 
HIGH Vcc. Re-verification can be accomplished by reading all 
eight outputs in parallel rather than one at a time. This 
verification cycle checks that the array fuses have been blown 
and can be sensed by the outputs under varying conditions. 


AMD PAL devices contain many internal features, including 
circuitry and extra fuses to test the ability of each part to 
perform programming before shipping, and to assure a correct 
logical operation for a correctly programmed part. Program- 
ming-yield losses are most likely due to poor programming 
socket contact, programming equipment out of calibration, or 
improper usage of said equipment. 


o 
Nn 
Nh 


wo 
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: 
Ee! 

H 


Address Pin States | 


Input mas Number ett aoe a 
L 
H 
ao 
aes 


ae “|= [5 


TABLE 1. INPUT ADDRESSING 


ae ae oe ae ee ee eee 
| Se eaeE ON (ee Ea 
ae aaa ee ee ee as 
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36 
*Architecture Row 
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Oe eee ie 


TABLE 2. COLUMN NUMBER ADDRESSING 


address | Output Pins 


4 5 7 8 177 | #18 20 21 
ouT1 | out2 | outs | outa | outs | ouTe | ouT7 | OUTS 
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AR = Async. RESET 
AP = Async. PRESET 
OE = Output Enable 
R/C = Reg/Comb Fuse 
OP = Output Polarity Fuse 
SF = Security Fuse 


PROGRAMMING WAVEFORMS 


ADDRESS ' 
IHP 
VitP 


Voor 





1. Row and Column addresses 
V applied. 
. Normal I/O pins disabled. 
3. Programming Voltage applied. 
Address decode enabled. 
4. Output associated with fuse 
V to be blown selected. Fusing 
time started. 
5. Fusing time ended. 
6. Programming Voltage removed. 
y Device in Verification Mode. 
IHP 7. Clock Pulse. 
Vip 8. Verify for VBLOWN level. 
9. End of Programming and 
Verification Cycle. 


OUTPUT 
PINS 


CLK ViLP 


WF023110 
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AmPAL* 10H20EV8/AmPAL10020EV8 


AmPAL10H20EV8/AmPAL10020EV8 PROGRAMMING SUPPORT INFORMATION 


Data |/O “3 . 
System 29 Under Development | Not Required 

Redmond, WA 98052 | 
(206) 881-6444 UNISITE 40 Not Required Not Required 

| Model PPZ Under Development Not Required 

\ 

(408) 745-1991 or Model ZL30A Under Development Not Required 
(800) 227-8896 [Mowe 21300 seas : 


Stag Microsystems 
528-5 Weddell Drive 

The machines noted above have been qualified by AMD to ensure high programming yields. Check with the factory to 
determine current status of equipment noted as ''Under Development,'' or for other available models. 





















Sunnyvale, CA 94089 






Design-Aid Software for AmPAL10H20EV8/AmPAL10020EV8 


Software Vendor Software Package | Comments 


P-CAD Systems, Inc. 
1290 Parkmoor Ave. 
San Jose, CA 95126 
(408) 971-1300 


Advanced Micro Devices, Inc. 
901 Thompson PI. 
Sunnyvale, CA 94088 

(408) 732-2400 


Data |/O 

10525 Willow Road N.E. 

Redmond, WA 98052 . ABEL 
(206) 881-6444 


























Supported by P-CAD 
Systems, Inc. 





AmCUPL 
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AmPAL*21VT8 


24-Pin Dual-Clock Programmable Array Logic 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Enhanced second-generation PAL architecture 

15 ns maximum propagation delay, fyax = 40 MHz 
Up to twenty-one inputs and eight outputs 

Two banks of four user-programmable output logic 
macrocelils for registered or combinatorial operation 
Individually user-programmable output polarity 
Variable product term distribution for increased design 
flexibility 

Individual or common clock with programmable polarity 
for each bank of output logic macroceils 

Two product terms for enable of each output 


@ Asynchronous-RESET and synchronous-PRESET prod- 
uct terms for each bank of output logic macrocells 
@ Power-up RESET and PRELOAD capability 
@ Superior quality 
— Full AC and DC parametric testing performed on 
every part 
~— Exclusive on-chip test circuitry ensures post-program- 
ming functional yield (PPFY) of 99.9%. 
Platinum-silicide fuses ensure high programming yield 
(> 98%), fast programming and unsurpassed reliability 


GENERAL DESCRIPTION 


The AmPAL21VT8 is an ultra-fast and enhanced second- 
generation Programmable Array Logic (PAL) device. It uses 
the familiar sum-of-products (AND-OR) single array logic 
structure, allowing users to customize logic functions by 
programming the device for specific applications. Fabricat- 
ed with AMD's new advanced bipolar IMOX-IIll SLOT- 
process technology and incorporating, with enhancements, 
the innovative architectural features of the AmMPAL22V10, 
the AmPAL21VT8 is an extremely versatile PAL device. 


The AMPAL21VT8 contains up to twenty-one array inputs 
and eight outputs. The eight outputs are output logic 
macrocells (as in the AmPAL22V10) organized into two 
banks of four each. Each output logic macrocell is capable 
of being programmed as ''combinatorial'’ or ''registered'"’ 
with active-HIGH or active-LOW polarity. Each of the two 
banks of output logic macrocells can be clocked individually 
or with a common ciock. In addition, the individual/common 
clock has user-programmable polarity. This flexibility per- 
mits the system designer to tailor the device to the 
particular application requirements. 


Increased logic power has been built into the AmMPAL21VT8 
by providing a variable number of logical product terms per 
output. Four outputs have twelve logical product terms 
each and the other four have sixteen logical product terms 
each. This variable allocation of logi cal product terms 
allows complex logic functions to be implemented in a 
‘single AMPAL21VT8. 


The AmPAL21VT8 also offers designers increased flexibili- 
ty and control over the output enable function. Each output 
is logically controlled by an OR of two logical product terms. 
This allows the designer to use more complex control than 
previously available. 


System operation has been enhanced by the addition of 
synchronous-PRESET and asynchronous-RESET product 
terms common to all the output logic macrocells in a bank. 
The AmMPAL21VT8 also incorporates power-up RESET on 
all the registered outputs. It also has the capability to 
PRELOAD registers to any desired state during testing. 
This is essential to permit full logic verification during test. 


BLOCK DIAGRAM 


CLOCK2 


PROGRAMMABLE AND ARRAY 
= x 42) 


eure aia alas ade 
|_h Loa 
PRESET BR MAGROCELL + MAGROCELL Hp MAGROCELL + WACROCELL 


*PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 


iMOX is a trademark of Advanced Micro Devices, Inc. 


OUTPUT OuTPUT ourpur 
Loaic a Loaic a Loaic a 
MACROCELL L] MACROCELL L_] MACROCELL 


Loaic « 
MACROCELL 2 PRESET 


BD006780 
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AmPAL*21VT8 


FUNCTIONAL DESCRIPTION | 
: ‘output ENABLE 


COMMON ASYNC RESET PER BANK 


. SS Hs 
> 


4 EIGHT 
COMMON SYNC PRESET PER BANK 
. = FEEDBACK 
~~ eee 
— §2 


FOUR PER BANK 





VO PINS 
TO AND ARRAY 


V 
LD000830 


Figure 1. AmPAL21VT8 Output Logic Macrocell 


OPERATING RANGES 


Commercial (C) Devices | 
Temperature (Ta) 0 to +75°C 
Supply Voltage (Vcc) +5.75 V to +5.25 V 
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AmPAL*22V10 


24-Pin IMOX™ Programmable Array Logic (PAL) 


DISTINCTIVE CHARACTERISTICS 


Second-generation PAL architecture 
Increased logic power — up to 22 inputs and 10 outputs 
Increased product terms — average 12 per output 


Variable product term distribution improves ease of use 
Each output user programmable for registered or combi- 
natorial operation 
Individually user programmable output polarity 

@ Extra terms provide logical synchronous PRESET and 
asynchronous RESET capability 


@ Comes in standard and high-speed versions — 18 ns 
typical propagation delay 
TTL-level PRELOAD for improved testability 
Packaged in 24-pin Slim DIP and 28-pin chip carrier 
packages 
Platinum-Silicide fuses ensure high programming yield, 
fast programming and unsurpassed reliability 
Full AC and DC testing done at the factory utilizing 
special designed-in test features 





GENERAL DESCRIPTION 


The AmPAL22V10 is a second-generation Programmable 
Array Logic (PAL) device. It utilizes the familiar sum-of- 
products (AND-OR) logic structure, allowing users to pro- 
gram custom logic functions. The AmPAL22V10 is an 
extension of the PAL concept. First-generation devices 
were largely limited to TTL-replacement applications. The 
AmPAL22V10 permits the development of custom LSI 
functions of 500 to 800 equivalent gate complexity. 


The AmPAL22V10 contains up to 22 inputs and 10 outputs. 
It incorporates the unique capability of defining and pro- 
gramming the architecture of each output on an individual 
basis. Each output is user programmable for either regis- 
tered or combinatorial operation. This allows the designer 
to optimize the device design, by having only as many 
registers as needed. In addition each output has user- 
programmable output polarity, further simplifying design 
and contributing to the precise application requirements. 


increased logic power has been built into the AMPAL22V10 
by increasing the nurnber of product terms from 8-per- 
output to an average of 12-per-output. Further innovation 
can be seen in the introduction of variable product term 
distribution. This technique allocates from 8 to 16 logical 
product terms to each output (piease refer to block diagram 
for distribution details). This variable allocation of terrns 
allows far more complex functions to be implemented than 
in previous devices . 


System operation has been enhanced by the addition of a 
synchronous-PRESET and an asynchronous-RESET prod- 
uct term. These terms are common to ail output registers. 


The AmPAL22V 10 also incorporates power-up RESET and 
the unique capability to PRELOAD the output registers to 
any desired state during testing. PRELOAD is essential to 
permit full logical verification during test. 


BLOCK DIAGRAM 





¢ ¢ ¢ 
Vo 


yo vo 


IMOX is a trademark of Advanced Micro Devices, Inc. 


PAL is a registered trademark of and is used under license from Monolithic Memories, inc. 
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AmPAL*22V10 | 


CONNECTION DIAGRAM 
| Top View | 


Lcc* 7 ee DIPs** 


Le) 
Vo 
/O 


vo 
VO 
49) 





CD010000 
CD010010 


“Also available in PLCC. Pinouts identical to LCC. 
**Also available in Flatpack. Pinouts identical to DIPs. 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Package Type 

D. Temperature Range 

E. Optional Processing 


AMPAL22V10 A D C 


(ee OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 
E = Extended Commercial (-55 to + 125°C) 


. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD3024) 
D = 24-Pin Ceramic DIP (CD3024) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 
L = 28-Pin Ceramic Leadless Chip Carrier (CL 028) 





. SPEED OPTION 
Blank = 35 ns 
A=25 ns 


A. DEVICE NUMBER/DESCRIPTION © 
AmPAL22V10 
24-Pin IMOX Programmable Array Logic 


Valid Combinations 


Valid Combinations 
AMPAL22V10 PC, DC, DCB, DE, 
AMPAL22V10A JC, LC, LE 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) 
products are processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, 
or surface treatment exceptions to those specifications. The order number (Valid Combination) is formed 
_by a combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Device Class 

D. Package Type 

E. Lead Finish 


AMPAL22V10 A /B a 


A 
a LEAD FINISH 


A=Hot Solder DIP 
C = Gold 


D. PACKAGE TYPE (per 09-000) 
L = 24-Pin Ceramic DIP (CD3024) 
K = 24-Pin Ceramic Flatpack (CF 024) 
3 = 28-Pin Ceramic Leadless Chip Carrier 
(CL 028) 


Cc. DEVICE CLASS 
/B =Class B 


B. SPEED OPTION 
Blank = 40 ns 
A= 30 ns 


A. DEVICE NUMBER/DESCRIPTION 
AmPAL22V10 
24-Pin IMOX Programmable Array Logic 


Valid Combinations 


Valid Combinations Valid Combinations list configurations planned to he 


A Ree oe /BLA/B3C/BKA supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 


combinations or to check for newly released valid 
combinations. 





Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, and 11. 


DESC Certified PAL Devices 


| Generic | AMD Part Number | DESC Numbers 
AmPAL22V10A/BLA | 5962-8605301LX 
22V10 






AmPAL22V10A/B3C 5962-86053013X 
AmPAL22V10A/BKA 5962-8605301KX 
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AmPAL*22V10 


FUNCTIONAL DESCRIPTION 


The AmPAL22V10 is a second-generation Programmable 
Array Logic device. It contains a programmable fuse array 
organized in the familiar sum-of-products (AND-OR) structure. 


The block diagram below shows the basic architecture of the 
AmPAL22V10. There up to 22 inputs and 10 outputs available. 
The inputs are connected to a programmable-AND array 
which contains 120 logical product terms. Initially the AND 
gates are connected, via fuses, to both the TRUE and 
complement of every input. By selective programming of fuses 


Output Logic Macrocells (OLMs) 


A dramatic innovation in logic design is the implementation on 
the AmMPAL22V10 of variable output architecture. This allows 


_ the user to program on an output-by-output basis the function 


the AND gates may be ''connected" to only the TRUE input ' 


(by blowing the complement fuse), to only the complement 
input (by blowing the TRUE fuse), or to neither type of input 
(by blowing both fuses) establishing a logical ''don't care." 
When both the TRUE and complement fuses are left intact, a 
logical FALSE results on the output of the AND gate. An AND 
gate with all fuses blown will assume the logical-TRUE state. 
The outputs of the AND gates are connected to fixed-OR 
gates. There is an average of 12 product terms per OR gate 
(output), and as the block diagram shows, variable product 
term distribution has been implemented. This technique allo- 
cates different quantities of logical product terms to different 
outputs, allowing more complex logical functions to be per- 
formed than were previously possible. Up to 16 logical terms 
can be evaluated in one output in a single clock cycle (no 
feedback necessary). 


OUTPUT 
OGIC 


Hp i Lp Loaic 
| Juacrocee |_| 


baie pace LE oH 


of the outputs. As shown in the Output Logic Macrocell (OLM) 
diagram below, each output cell contains two additional fuses 
(So and S$). S; controls whether the output will be registered 
or combinatorial. So controls the output polarity (active HIGH 
or active LOW). Depending on the states of these 2 fuses, an 
individual output will operate in one of four modes (see logic 
diagrams on next page). Registered/Active LOW; Registered/ 
Active HIGH; Combinatorial/Active LOW; Combinatorial/Ac- 
tive HIGH. (Note that the feedback path also changes with 
output mode.) This innovation gives the designer more flexibili- 
ty and enables him to optimize the device for precise 
application requirements. It also allows for better device 
utilization — you only program as many registers as are 
needed. 


PRESET/RESET 


To improve in-system functionality, the AmPAL22V10 has 
additional PRESET and RESET product terms. These terms 
are connected to all registered outputs. When the synchro- 
nous-PRESET product term is asserted (HIGH), the output 
registers will be loaded with a HIGH on the next LOW-to-HIGH 
clock transition. When the asynchronous-RESET product term 
is asserted (HIGH), the output registers will be immediately 
loaded with a LOW (independent of the clock). These func- 
tions are particularly useful for applications such as system 
power-on and reset. 
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Figure 1. Block Diagram 
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Figure 2. Output Logic Macrocell Diagram 


4-86 


| Sy | So | Output Configuration 
a a Registered/Active LOW 


a ae Registered/Active HIGH 
| 1 [0 | Combinatorial/Active LOW 
[+ [4 | Combinatorial/Active HIGH 


0 = Unblown Fuse 
1 = Blown Fuse 















PRELOAD 


To simplify testing, the AmMPAL22V10 is designed with unique 
PRELOAD circuitry that provides an easy method of testing 
registered devices for logical functionality. PRELOAD allows 
any arbitrary state value to be loaded into the output registers. 


A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. To verify 
these transitions requires the ability to set the state registers 
into an arbitrary ''present state’’ value and to set the device 
inputs to any arbitrary ''present input'’ value. Once this is 
done, the state machine is then clocked into a new state, or 
"next state.'' The next state is then checked to validate the 
transition from the present state. In this way any state 
transition can be checked. 


Without PRELOAD, it is difficult and in some cases impossible 
to load an arbitrary present state value. This can lead to logic 
verification sequences that are either incomplete or excessive- 
ly long. Long test sequences result when the feedback from 
the state register ''interferes'’ with the inputs, forcing the state 
machine to go through many state transitions before it can 
reach an arbitrary state value. Therefore the test sequence will 
be mostly state initialization and not actual testing. The test 
sequence becomes excessively long when a state must be 
reentered many times to test a wide variety of input combina- 
tions. 


In addition, complete logic verification may become impossible 
when states that need to be tested cannot be entered with 
normal state transitions. For example, the state which the 
machine powers up into cannot be tested because it cannot 
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Figure 3-1. Registered/Active LOW 
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Figure 3-2. Registered/Active HIGH 








be entered from the main sequence. Similarly, "forbidden" or 
don't care states that are not normally entered need to be 
tested to ensure that they return to the main sequence. 


PRELOAD eliminates these problems by providing the capabil- 
ity to go directly to any desired arbitrary state. Thus test 
sequences may be greatly shortened, and all possible states 
can be tested, greatly reducing test time and development 
costs, and guaranteeing proper in-system operation. 


Fabrication 


The AmPAL22V10 is manufactured using Advanced Micro 
Devices' IMOX oxide isolation process. This advanced pro- 
cess permits an increase in density and a decrease in internal 
capacitance resulting in the fastest possible programmable 
logic devices. 


The AmMPAL22V 10 is fabricated with AMD's fast programming, 
highly reliable Platinum-Silicide Fuse technology. Utilizing an 
easily implemented programming algorithm, these products 
can be rapidly programmed to any customized pattern. Extra 
test words are preprogrammed during manufacturing to en- 
sure extremely high field programming yields ( > 98.5%), and 
provide extra test paths to achieve excellent parametric 
correlation. 


Platinum Silicide was selected as the fuse-link material to 
achieve a well-controlled melt rate resulting in large noncon- 
ductive gaps that ensure very stable, long-term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
programmable logic. 
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Figure 3-3. Combinatorial/Active LOW 
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Figure 3-4 Combinatorial/Active HIGH 
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Figure 4. AmPAL22V10* Logic Diagram 


*Pinout for DIPs only. 
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Figure 5. Logic Diagram — JEDEC Fuse Numbering 
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AmPAL*22V10 


ABSOLUTE MAXIMUM RATINGS 
-65 to +150°C 















_ Storage Temperature 
Supply Voltage to Ground Potential 


(Pin 24 to Pin 12) Continuous ,...............-0.5 to +7 V 
DC Voltage Applied to Outputs — . 
(Except During Programming)....... -0.5 V to +Vcc Max. 


DC Voltage Applied to Outputs 


During Programming ............. nee daSieasiaeas oepataes 16 V 
Output Current into Outputs During Programming .. 

(Max. Duration of 1 S@C) .........ccccceseceeeeeeeeeees 200 mA 
DC Input Voltage.............ccceeeeeeeeeeeee eens -0.5 to +5.5 V 
DC Input Current .............ccccceeeeeeeeee uae -30 to +5 mA 
Ambient Temperature with Power Applied ........... +125°C 


at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect. device 
reliability. | 


Parameter Parameter Typ. 
Symbol Description Test Conditions |(Note 1) 


Vcc = Min., 
VIN = VIH_ OF Vit 


Output HIGH Voltage 


Voc = Min., 


Output LOW Voltage Vin = Vin, or Vit 


(Note 2) Input HIGH Level 


aaa 
Cig 
al 





Input LOW Level 


ele pas nS Input HIGH Current Voc = Max., Vin = 5.5 V 


Voc = Max., Vout = 0.5 V (Note 3) 


VOH 

VOL 

VIH 

VIL 

We | 

NH 

Output Short-Circuit Current 
loc Power Supply Current 
input Clamp Voltage 
Output Leakage Current 


lozi (Note 4) 


Cin t Input Capacitance 


Output Capacitance Vout = 2.0 V @f=1 MHz (Note 5) . 








1. Typical limits are at Vcc = 5.0 V and Ta = 25°C. 
2. 

3. 

4. 

5. Pinout for DIPs only. 


t Not included in Group A tests. 





Stresses above those listed under ABSOLUTE MAXIMUM — 
RATINGS may cause permanent device failure. Functionality. 


DC CHARACTERISTICS over operating range unless otherwise specified; included in Group A, Subgroup 1, 
2, 3 tests unless otherwise noted 





Guaranteed Input Logical HIGH Voltage for all Inputs 2 
Guaranteed Input Logical LOW Voltage for all Inputs Po 


Input LOW Current Voc = Max., Vin = 0.40 V _ 
Input HIGH Current Voc = Max., Vin = 2.7 V 







Voc = Min., lin =-18 mA 


Voc = Max., Vi = 0.8 V 
ViH = 2.0 V 


Vin =2.0 V @ f=1 MHz (Note 5) 


. OPERATING RANGES 


Commercial (C) Devices 
Temperature (Ta) Operating Free Air ..... 0°C to + 75°C 
Supply Voltage (VCC) ......-.-.seeeseeee $4.75 to +5.25 V 


Extended Commercial (E) Devices 
TEMpSraturen( PAY cic vecniutcsomeseanencteecaeseay ~55°C Min. 
Temperature (TC).......ccccceeesceceeeeeeeeeens + 125°C. Max. 
‘Supply Voltage (Vcc) ........ wees + 4.50 to +5.50 V 


Military (M) Devices* 
Temperature (TA)........:cceeccceneceeaeetaneraees -55°C Min. 
Temperature (Tc) Operating Case + 125°C Max. 
Supply Voltage (VCC) ....-.:ceeseseeeeees + 4.50 to +5.50 V 







Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


*Military Product 100% tested at Tc = + 25°C, +125°C, 
and -—55°C. 


= 
0s | we 


lol = 12 mA 


loL=16 MA | 
E/M 
Devices 


_ E/M 2.4 
.O 


[25 [oA 

P40 [ma 

P30 [ma 

7 
pF 


Vo=2.7 V 


Pins 1, 13 
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These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
Not more than one output should be tested at a time..Duration of the short circuit should not be more than one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

1/O pin leakage is the worst case of lozx or Ix (where X =H or_L). 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified; included in Group A, 
Subgroup 7, 8, 9, 10, 11 tests unless otherwise noted 
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NO 
NO 
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C Devices 














Parameter 
Description 


Parameter Test 


Conditions 


Co}; @& 


C Devices 


Eh Ena. Input to Output Disable R1 = 300 
Clock to Output Ro = 390 


Input or Feedback Setup 
Time 


Dy | Heid Tine 


oO}1oa 
on 


| tp Clock Period (ts + tco) 


Asynchronous Reset Width ges ea 
t Asynchronous Reset Ro = 750 
AR Recovery Time 
t Asynchronous Reset to 
AP Registered Output Reset 


Notes: 1. Typical limits are at Vcc = 5.0 V and Ta = 25°C. 
2. tpp is tested with switch S; closed and C, = 50 pF. 
3. For three-state outputs, output enable times are tested with C, = 50 pF to the 1.5 V level; S; is open for high-impedance to 
HIGH tests and closed for high-impedance to LOW tests. Output disable times are tested with C_ =5 pF. HIGH to high- 
impedance tests are made to an output voltage of VoH-0.5 V with S; open; LOW to high-impedance tests are made to the 
Vo_t 0.5 V level with S; closed. 


Ld — GOIiay] w 
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SWITCHING TEST CIRCUIT 


KEY TO SWITCHING WAVEFORMS 


5V Gale 6 WAVEFORM INPUTS OUTPUTS 


Sy 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
— FROM L TOK 


TC001190 
DON'T CARE; 


ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 
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WILL BE 
STEADY 


WILL BE 
CHANGING 
FROMH TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 








AmPAL*22V10 


SWITCHING WAVEFORMS | 


INPUTS Y/O, 


FEEDBACK 
smncnnonous J) XRAY 
ESET 


ts 


ASYNCHRONOUS 
RESET 


tco 
REGISTERED \KXXXXKAN rr ae 
il HEY) ccc 
tep 


\AAAAAAS 
COMBINATORIAL WAN) i, 


JAXX 


WF022280 


INPUT/OUTPUT CURRENT DIAGRAM 


Vec 


FROM 
OUTPUT OUTPUT 
LOGIC DISABLE \/ 
MACROCELL OUTPUT 
5 INPUT ON PROGAMMING 
/O PINS CURRENT PATH 


PRELOAD 
CIRCUITRY 





PROGRAM/ VERIFY 
CIRCUITRY IC000900 
ICO000892 


Input Circuitry Output Circuitry 
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PRELOAD OF REGISTERED OUTPUTS 


The AmPAL22V10 registered outputs are provided with circuit- 
ry to allow loading each register synchronously with either a 


tp ‘b 

PINS 2,3 Vip 

PIN 1 Vice 

REGISTERED ) (| 

output You 
Vite 

PRELOAD OUTPUT PRELOAD 
ENABLED FORCED DATA 
OUTPUTS TO Vinp CLOCKED 
OISABLED OR Vip IN 


Level forced 
on registered 
output pin during 


PRELOAD cycle 


Power-up RESET 


The registered devices in the AMD PAL Family have been 
designed with the capability to reset during system power-up. 
Following power-up, all registers will be reset to LOW. The 
output state will depend on the polarity of the output buffer. 
This feature provides extra flexibility to the designer and is 
especially vaiuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. Due to 


POWER 4Vv 


REGISTERED ACTIVE 
LOW OUTPUT 


CLOCK 





Power-Up 
Reset Time 


t Input or Feedback 
s Setup Time 








Parameter Parameter 
ca Description Typ. 


‘look Wit 


HIGH or LOW. This feature will simplify testing since any state 
can be loaded into the registers to control test sequencing. 


The pin levels and timing necessary to perform the PRELOAD 
function are detailed below. Parameters are listed in the 
Programming Parameters table (page 12). 


) ( 


oe 


Vou 
OUTPUT PRELOAD 
FORCING DISABLED 
VOLTAGE 
REMOVED 
WF022293 


Register Q 
output state 
after cycle 


the asynchronous operation of the power-up reset and the 
wide range of ways Vcc can rise to its steady state, two 
conditions are required to insure a valid power-up reset. These 
conditions are: 


1. The Vcc rise must be monotonic. 


2. Following reset, the clock input must not be driven from 
LOW to HIGH until all applicable input and feedback setup 
times are met. 


tpr 


ts 


tw 


WF022301 







See Switching Characteristics 
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AmPAL*22V10 


Programming and Verification | 


The AmPAL22V10 is programmed and verified using AMD's 
standard programmable logic programming algorithm. The 
fuse to be programmed is selected by input line number (array 
row), product term (array column), and by output (one at a 
time). The fuse is then programmed and verified by applying a 
simple sequence of voltages to two control pins (1 and 13). 


Input line numbers (0 - 43) are addressed using a full decode 
scheme via TTL levels on pins 6 —- 11 where 6 is the LSB and 
11 is the MSB. Even numbered input lines represent the TRUE 
version of a signal and odd numbered lines represent the 
complement. Input line addressing is shown in Table 1. Note 
that input lines 44 - 62 are reserved for further expansion and 
input line 63 is utilized for selecting the fuses used for 
programming output polarity and whether the output is regis- 
tered or combinatorial. 


Product terms are addressed using a one-of-24 addressing 
scheme on pins 2 - 5 where pin 2 is the LSB and 5 is the MSB. 
Product term addressing is shown in Table 2. Logical product 
terms (0-15) are selected via TTL levels on the four 
addressing pins. Note that outputs with fewer than 16 product 
terms will decode blank space for decoding values greater 
than the number of product terms on that output. Architectural 
product terms are selected by placing a zener voltage level 
(VHH) on the MSB (pin 5) and using pins 2 - 4 for an additional 
eight decoding states (only 5 are used). The specific decoding 
of architectural features is best shown in Table 2. 


Fuse selection by output must be done one output at a time 


(following control pin 1 going to Vij) as shown in the 
* Programming waveform diagram. 


PROGRAMMING PARAMETERS (Ta = 25°C) 


Once fuses have been selected, the simple programming and 


verification sequence may be completed as shown in the 
programming waveform diagram. AC and DC requirements for 
programming are shown in the Programming Parameters 
table. 


Security Fuse Programming 


A single fuse is provided on each AmPAL22V10 part to 
prevent unauthorized copying of PAL fuse patterns. Once 
blown, the circuitry enabling fuse verification and registered 
output PRELOAD is permanently disabled. 


Programming of the security fuse is the same as an array fuse. 
Verification of a blown security fuse is accomplished by 
verifying the whole fuse array as if every fuse is blown. 


Programming Yield 


AMD PALs have been designed to insure extremely high 
programming yields ( > 98.5%). To help insure that a part was 
correctly programmed, once programming is completed, the 
entire fuse array should be reverified at both LOW and HIGH 
Voc. Reverification can be accomplished by reading ail ten 
outputs in parallel rather than one at a time. This verification 
cycle checks that the array fuses have been blown and can be 
sensed by the outputs under varying conditions. 


AMD PALs contain many internal test features, including 
circuitry and extra fuses which allow AMD to test the ability of 
each part to perform programming before shipping, to assure 
high programming yields and correct logical operation for a 
correctly programmed part. Programming yield losses are 
most likely due to poor programming socket contact, program- 
ming equipment out of calibration, or improper usage of said 
equipment. 


| Parameter | Parameter 
Symbol | Description Typ. Max. 
| Control Pin Extra HIGH Level |_Pin 1 @ 10 -40 mA 
: Volts 
te pin 13 @ 10-40 mA 


Program Voltage Pins 14-23 @ 15-200 mA (Note 1) 
Input HIGH Level During ‘Programming and Verify 

input LOW Level During Programming and Verify 

Vcc During Programming @ Icc = 50-200 mA 

Voc During First Pass Verification @ Iog = 50-200 mA 


ee an ee 
Voc During Second Pass Verification @ Icc = 50-200 mA | 64 TB 
Te 
a ae ae 











[55 | Volts ‘| 
Successful Blown Fuse Sense Level @ Output | 05 | 


Rate of Output Voltage Change 
Rate of Fusing Enable Voltage Change (Pin 13 Rising Edge) 





12 

16 

4.6 
[100 [pee 


Subsequent Attempts (Maximum of 8) ee eee ee 

eT ee oe ae a eae 
Vocp 
i eee a ae 


10 
| VONP Puil-Up Voltage On Outputs Not Being Programmed Vocp - 0.3 Vocp + 0.3 
Pull-Up Resistor On Outputs Not Being Programmed _ | es ae ee 


Notes: 1. Pinout for DIPs only. 


(Note 1) 
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input Line Number 
Address Pin States 
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Input Line 


TABLE 1. INPUT ADDRESSING 


Input Line Number 
Address Pin States 


input Line 
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TABLE 2. COLUMN NUMBER ADDRESSING 






~ Column Number 
Select Address | 






Pin States 








Column Number Pala 2 | Description 
| Logical PTs 
Logical PTs oe 






N 


SAAR ee ea ee i 
pert | foe [me | ee [rie prese 
| **Synchronous PRESET 





rj ryt 






rc 






_ 
rt 


7 Security Fuse | 
ECR (Special Verify Required) 
Pin | Pin | Pin | Pin | Pin 
18 | 17} 17 | 15 | 14 
Programming Access and Verify Pin : 


Legend: L=Vi_p 
H = Vinp 
HH = Vi 






PROGRAMMING WAVEFORMS 


—-- p 


PIN 5 \ / 


PINS 
2-11 













INPUT LINE NUMBER AND 
COLUMN LINE NUMBER AODRESSES 


PIN 1 


Vine 


OUTPUT ASSOCIATED 
WITH PRODUCT TERM 


TO BE PROGRAMMED ae 


comes a aan 
H 


VHH 
PIN 13 Vesey 
Vip 
to to 
—— ty tp —> tn lt tg ne ne ty tnt ee ty 0 ee 
INPUT LINE FUSING PROGRAMMING OUTPUTS REGISTERS VERIFY CYCLE 
NUMBER AND COLUMN ENABLED VOLTAGE ENABLED CLOCKED ENDS 
NUMBER SELECTED REMOVED 
PROGRAMMING FUSE BLOWN = LOW 
VOLTAGE 
APPLIED 


OUTPUTS DISABLED 
NORMAL INPUTS 
DISABLED, PROGRAMMING 
DECODE ENABLED 
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AmPAL22V10 PROGRAMMING EQUIPMENT INFORMATION 


enge ——eaa Programmer Model (s) Personality Module Socket Adapter 


Logicpak 
Data 1/0 System 19, 29 or 100 715-1983-003 ah 04 , 
10525 Willow Road N.E. . (Rev 4’ or Newer) (Rev 3 or ewer) 


Redmond, WA 98052 . — vera 
206) 881-6464 : 
(206) Model 60A or 60H iFev. 260 Newer On-Board 


JMC PROMAC Division 
2999 Monterey/Salinas 
Highway 

Monterey, CA 93940 
(408) 373-3622 


Stag Microsystems Model PPZ Zm2200 On-Board 
528-5 Weddell Drive (Rev 10 or Newer) (Rev 10 or Newer) 
Sunnyvale, CA 94086 5 Oreoad 
(408) 745-1991 or ; n-Board n-Boar 
(800) 227-8836 mee alee (Rev 98 or Newer) (Rev 38 or Newer) 


Structured Design 

988 Bryant Way SD 1040 PAL Burner 
Sunnyvale, CA 94087 (Rev V1.02A or Newer) 
(408) 988-0725 


Valley Data Sciences 

2426 Charleston Road : On-Board 

Mt. View, CA 94043 VDS 160 Series (Rev 1.03 or Newer) 
(415) 968-2900 


Varix Corporation 
122 Spanish Village 
Suite 608 

Dallas, TX 75248 
(214) 437-0777 


Wavetek-Digelec 

1602 Lawrence Ave., 

Suite 113 803 Series 
Ocean, NJ 07712 
(210) 493-2420 


_ The machines noted above have been qualified by AMD to insure high programming yields. Check with the factory to 
/ determine the current status of vendors noted under Pree or other available models. 


PROMAC P3 


(Rev 2.0 or Newer) On-Board On-Board 


On-Board On-Board 
On-Board 


Omni-Programmer 


SP0-300 Under Development Under Development 


DA55 
(Rev B3 or Newer) 
(Rev V1.02A or Newer) 


FAM52 
(Rev 5.4 or Newer) 





Design Aid Software for AmPAL22V10 
Software Software 
Vendor Package Comments 
P-CAD 
Systems CUPL 
(408) 971-1300 


Advanced 
Micro Devices ‘Developed and supported 


(408) 732-2400 by P-CAD Systems 


Data 1/O 
(206) 881-6444 fer ed 





















AmCUPL 
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AmPAL*22V10B 


24-Pin IMOX™ Programmable Array Logic (PAL) 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


B-speed (tpp = 15 ns) performance 

Increased logic power — up to 22 inputs and 10 outputs 
Increased product terms — average 12 per output 
Variable product-term distribution improves ease of use 
Each output user-programmable for registered or combi- 
natorial operation 

Individually user-programmable output polarity 

Extra terms provide logical synchronous-PRESET and 
asynchronous-RESET capability 


@ Also comes in A-speed Low-Power (L) and Standard- 
speed Quarter-Power (Q) versions 
TTL level PRELOAD for improved testability 
24-pin Slim DIP and 28-pin chip carrier packages 
Platinum silicide fuses ensure high programming yield, 
fast programming and unsurpassed reliability 
Full AC and DC testing done at the factory utilizing 
special designed-in test features 
3000-V Input ESD Protection 


GENERAL DESCRIPTION 


The AmPAL22V10B is a second-generation Programmable 
Array Logic (PAL) device. It utilizes the familiar sum-of- 
products (AND-OR) logic structure, allowing users to pro- 
gram custom logic functions. The AmPAL22V10B is an 
extension of the PAL concept. First-generation devices 
were largely limited to TTL replacement applications. The 
AmPAL22V10B permits the development of custom LSI 
functions of 500 to 800 equivalent gate complexity. 


The AmPAL22V10B contains up to 22 inputs and 10 
outputs. It incorporates the unique capability of defining and 
programming the architecture of each output on an individ- 
ual basis. Each output is user-programmable for either 
registered or combinatorial operation. This allows the 
designer to optimize the device design, by having only as 
many registers as needed. In addition, each output has 
user-programmable output polarity, further simplifying de- 
sign and contributing to the precise application require- 
ments. 


Increased logic power has been built into the 
AmPAL22V10B by increasing the number of product terms 
from 8-per-output to an average of 12-per-output. Further 


innovation can be seen in the introduction of variable | 


product-term distribution. This technique allocates from 8 to 
16 logical product terms to each output (please refer to 
block diagram for distribution details). This variable alloca- 
tion of terms allows far more complex functions to be 
implemented than in previous devices . 


System operation has been enhanced by the addition of a 
synchronous-PRESET and an asynchronous-RESET prod- 
uct term. These terms are common to all output registers. 


The AmPAL22V10B also incorporates power-up RESET 
and the unique capability to PRELOAD the output registers 
to any desired state during testing. PRELOAD is essential 
to permit full logical verification during test. 


BLOCK DIAGRAM 
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Stats 0°C to + 75°C 
- Supply Voltage (VCC) -.....-eeeeeeeeeee +4.75 to +5.25 V 













OPERATING RANGES 
Commercial (C) Devices 


SWITCHING CHARACTERIST 


ICS over operating range unless otherwise specified 


E/M Devices 












Test 
Conditions 


Parameter 
Description 


Parameter 




















tw 
fMAX : 

Ree coor 
AW R; = 390 
t Asynchronous % Re = 750 
AR Recovery Time : 
tap Asynchronous Reset to 


Registered Output Reset 


Notes: 1. Typical limits are at Voc = 5.0 V and Ta = 25°C. 
2. tpp is tested with switch S; closed and C; = 50 pF. ; 
3. For three-state outputs, output enable times are tested with Ci = 50 pF to the 1.5 V level; S; is open for high-impedance to 
HIGH tests and closed for high-impedance to LOW tests. Output disable times are tested with C_ = 5 pF. HIGH to high- 
impedance tests are made to an output voltage of VoH-0.5 V with S; open; LOW to high-impedance tests are made to the 
VoL_+0.5 V level with S; closed. 


SWITCHING TEST CIRCUIT KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 
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AmPAL*23S8 


-20-Pin IMOX™ PAL-Based Sequencer 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


14 Registers 

~ 4 Output Logic Macrocells (OLMs) 

~ 4 Output Registers - 

~ 6 Buried State Registers (BSRs) __ 

23 possible array inputs and 8 outputs in a 20-pin 
package . 

33-MHz external/40-MHz internal cycle time 

Variable product term (PT) distribution for increased 
design flexibility 

Asynchronous and synchronous outputs supported for 
both Mealy- and Moore-type state-machine implementa- 
tions 


@ Individually user-programmabie Output Enable (OE) PTs 
with polarity control 
PTs for observing the BSRs on 6 of the output pins 
Separate PTs for common Synchronous PRESET and 

~ common Asynchronous RESET of all registers 

PRELOAD available on all registers for added test 
capability 
99.9% post programming functional yield (PPFY) is due 
to the complete testability of this and all other AMD PAL 
devices 
Platinum-Silicide fuse technology produces the most 
reliable bipolar programmable devices available today 


GENERAL DESCRIPTION 


The AmPAL23S8 is the first programmable array logic 
(PAL)-based sequencer device. It utilizes the familiar sum- 
of-products (AND-OR) logic structure, allowing users to 
customize logic functions by programming the device for 
specific applications. The AmMPAL23S8 combines the ease 
of use of the familiar 20-pin PAL devices with the advanced 
"macrocell'' concept introduced in the AmPAL22V10, as 
well as six Buried State Registers (BSRs). 


The AmPAL23S8 provides up to twenty-three array inputs 
and eight outputs. Four of the outputs are Output Logic 
Macrocells (OLMs) capable of being individually programmed 
as "combinatorial" or "registered,'' with active-HIGH or 
active-LOW polarity on each output. The other four are 
"registered'' outputs, also capable of being programmed for 
active- HIGH or LOW polarity. All the flexibility on the outputs 
result in the simplification of logic design. The need to 
perform ''DeMorgan's Law'' on equations to have them fit 
into a PAL device is now a thing of the past. Each of the eight 
output registers can also be used dynamically as an input or 
output for greater design flexibility. 


The AmPAL23S8 also offers designers increased flexibility 
and control over Output Enable (OE) functions. Each output 
is logically controlled by an OE product term (PT), with 
programmable OE polarity control. This allows the designer 
to use more complex control than previously available. 


The six BSRs provide designers with enhanced logic power 
for sequencer applications. These registers are not only 
available to the system designer for use in sequencer 
applications (without the expense of a valuable !/O pin), but 
they may also be observed on the output pins during test. 
The observability of these registers on a programmabie- 
logic sequencer adds to the list of features which make this 
device unique, simple to design with, and simple to debug.- 


System operation has been enhanced by the addition of 
Synchronous PRESET and Asynchronous RESET PTs. The 
AmPAL23S8 also incorporates the unique capability of 
PRELOADing the eight output registers and the BSRs to 
any desired state during testing. This is essential to permit 
full logical verification during test. 


BLOCK DIAGRAM 
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Programmable AND Array 
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CONNECTION DIAGRAM 
Top View 


| yo Pin Description 

Voc = Supply Voltage 

GND = Ground 

CLOCK = Clock Pin 

lo - lg = Dedicated Input Pins (9) 

|_| 03 & Bo |/Og - 1/07 = Bidirectional 1/O Pins (8) 

| | YOo & By Bo - Bs = Observability Pins for BSRs (6) 





CD009870 
Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Package Type 

D. Temperature Range 

E. Optional Processing 


AMPAL23S8 -20 ya C _ 
| OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
D. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
E = Extended Commercial (-55 to + 125°C) 
C. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
D = 20-Pin Ceramic DIP (CD 020) 
B. SPEED OPTION 
-20 = 20 ns 
~25 = 25 ns 
~27 = 27 ns* 
-~30 = 30 ns* 
A. DEVICE NUMBER/DESCRIPTION 
AmPAL23S8 
20-Pin IMOX PAL-Based Sequencer *Extended Commercial range only. 


Valid Combinations 













Valid Combinations ; 
AMPAL23S8-20 PC, DC, DCB 


PC, DC, DCB, 
AMPAL23S8-25 DE. DEB 
AMPAL23S8-27 

DE, DEB 
AMPAL23S8-30 j 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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ORDERING INFORMATION (Cont'd.) 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 
processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed 
by a combination of: A. Device Number . ; 
; B. Speed Option (if applicable) 

C. Device Class 

D. Package Type 

E. Lead Finish 





. LEAD FINISH 
A= Hot Solder DIP 
C = Gold 


. PACKAGE TYPE 
B = 20-Pin Ceramic DIP (CD 020) 


. DEVICE CLASS 
/B = Class B 


B. SPEED OPTION 
-27=27 ns 
-—30 = 30 ns 





A. DEVICE NUMBER/DESCRIPTION 
AmPAL23S8 
20-Pin IMOX PAL-Based Sequencer 


Valid Combinations 
Valid Combinations list configurations planned to be 
Valid Combinations supported in volume for this device. Consult the local AMD 
| sales office to confirm availability of specific valid 
/BRA combinations or to check for newly released valid, 


combinations. 





Group A Tests 
Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11 
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FUNCTIONAL DESCRIPTION 


The AmPAL23S8 is an advanced bipolar programmable array 
logic (PAL)-based sequencer. It contains a programmable 
array organized in the familiar sum-of-products structure. The 
structure of this device makes it particularly ideal for state 
machine applications. Any design which employs the use 
of complex state functions is a prime candidate for the 
AmPAL23S8. 


The block diagram on the front cover shows the basic 
architecture of this device; a maximum of 23 array inputs and 8 
outputs are available. The inputs are connected to a program- 
mable AND array containing 135 product terms (PTs), of which 
124 are logical PTs and 11 are control PTs. Before program- 
ming, the AND gates are connected to both the true and 
complement of every input. By selectively programming fuses, 
the AND gates may be connected to only the true input, the 
complement input, or to neither type of input, establishing a 
logical ''don't care''. When both the true and complement 
fuses are left intact, a logical FALSE results on the output of 
the AND gate. An AND gate with all fuses blown will assume 
the logical TRUE state. The outputs of the AND gates are 
connected to OR gates. 


Variable Product Term (PT) Distribution 


The number of AND gates assigned to each OR gate varies in 
a fixed manner for each output as shown in the logic diagram 
(Figure 5). The OR- gate outputs feed dedicated registers and 
macrocells. Each OR gate averages approximately ten PTs for 
output registers and macrocells. This gives the capability of 
using from eight to twelve logical PTs on one output in a single 
clock cycle (no feedback necessary). Buried state registers 
(BSRs) have an average of eight PTs per OR gate, providing 
the capability of using from six to ten logical PTs in one BSR in 
a single clock cycle. 


Variable Output Architecture: Output Logic 
Macrocelis (OLMs) 


An innovation in logic design is the implementation on the 
AmPAL23S8 of variable output architecture on four of the 
outputs. These Output Logic Macrocells (OLMs) are user 
programmable for a great deal of design flexibility. Each of the 
four OLMs can be independently programmed for eight 
distinct configurations. The outputs can be either ''registered'' 
or ''combinatorial;"’ they can also be individually programmed 
for active-HIGH or active-LOW polarity. Finally, the feedback 
paths which feed through the multiplexer back to the AND 
array can be programmed so that they originate either from 
the register or from the I/O pin. From the feedback multiplexer 
both the true and complement of the output going back to the 
array are available. All possible configurations of the OLMs are 
illustrated in Figures 4-1 through 4-8. For maximum flexibility, 
selection of output polarity and feedback path are kept 
independent of each other. 


Output Registers 


In addition to the four OLMs on the AmPAL23S8, there are 
also four output registers. The data on the output registers 
may be fed back to the array. When the output is disabled, the 
pin may be used as an external input. Since each of the eight 
outputs can obtain feedback from the pins associated with 
them, all eight of them provide the advantage of being usable 
dynamically as either inputs or outputs, significantly increasing 
design flexibility and possibilities. 


Buried State Registers (BSRs) 


One of the key features of the AmPAL23S8 is the six 
observable Buried State Registers (BSRs). All BSR outputs 
are fed directly back to the AND array for state machine 
implementation. In this manner, the advantage of having six 


extra registers for state machine implementation is not paid for 
in output pins. The contents of each of the BSRs is observable 
on an associated pin through the use of the user-programma- 
ble observability product term. 


The extensive user-programmable flexibility enhances the 
usefulness of this device for different types of state machine 
implementations. The possibility exists to create both the 
Mealy and Moore type of design in the same device. 


Programmable Output Polarity 


Each output has a user-programmable output polarity fuse 
which, when blown, indicates that the output will be active 
HIGH, and when intact, active LOW. The obvious benefit of 
this enhancement is the increased flexibility of design. With 
the choice of output polarity, there is no need to DeMorganize 
equations to fit the device, allowing for more efficient designs 
both in terms of the amount of time spent in design as well as 
effective utilization of the device. 


For further enhancement of the increased logic power of the 
AmPAL23S8, each output has a PT to control Output Enable 
(OE) with programmable polarity. 


PRESET/RESET 


To improve functionality at the system level, the AmPAL23S8 
has additional RESET and PRESET PTs. One PT controls 
Output Register and BSR PRESET, and one PT controls the 
RESET for these registers. When the Synchronous PRESET 
PT is asserted (HIGH), all registers are loaded with a HIGH on 
the next LOW-to-HIGH clock transition. When the Asynchro- 
nous RESET PT is asserted, all registers are immediately 
loaded with a LOW, independent of the clock. These functions 
are particularly useful for applications such as system power- 
up and RESET. 


PRELOAD 


In order to simplify testing, the AMPAL23S8 is designed with 
PRELOAD circuitry that provides an easy method for testing 
logical functionality. PRELOAD allows any arbitrary "present 
state'' values to be loaded into the OLMs, BSRs and Output 
Registers of this device. OLM Registers and BSRs are 


-PRELOADed in separate cycles, allowing them to be PRE- 


LOADed with different values. Logic verification sequences 
can be significantly shortened, and all possible state se- 
quences tested, reducing test time and development costs, 
and guaranteeing proper functionality in system. 


A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. To verify 
these transitions requires the ability to set the state registers 
to an arbitrary ''present state'’ value and to set the device 
inputs to any arbitrary "present input'’ value. Once this is 
done, the state machine is then clocked into a new state, or 
“next state,'' which can be checked to validate the transition 
from the ''present state."' In this way, any state transition can 
be checked. 


It is obvious that to attempt the debugging of a design using 
BSRs without the benefit of PRELOAD capability would be 
quite difficult. The combination of this feature and the BSRs 
being observable is virtually indispensible for efficient and 
trouble-free state machine design. 


Observability 


This extra ease of debugging the design comes from the use 
of the Observability (OBS) PT. When the OBS PT is selected, 
it disables six of the Output Registers and Macrocell buffers, 
and enables the BSR buffers onto the output pins associated 
with them, pins 13 through 18. When the OBS PT is not 
selected, the Output Registers and Macrocell buffers are 
enabied and the BSR buffers are disabled. When all the fuses 
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for this PT are intact, (i.e., OBS is not selected), the data from 
the BSRs will not be visible on the output pins, and the Output 
Registers and OLMs will be enabled. Me 


Processing and Fuse Technology 


The AmPAL23S8 is manufactured using Advanced Micro 
Devices' IMOX oxide isolation process. This advanced pro- 
cess permits an increase in density and a decrease in internal 
capacitance resulting in the fastest possible programmable 
logic devices. 


The AmPAL2388 is fabricated with AMD's fast programming, 
highly reliable Platinum-Silicide fuse technology. Utilizing an 
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0 = UNBLOWN FUSE 
1 = BLOWN FUSE 








| $0 | OUTPUT ENABLE POLARITY 
| ENABLED HIGH 
| 4 [| ENABLED LOW 


st] s2 [S38] ourpuT CONFIGURATION | 
[0 | 0 [0 | ACTIVE LOW/REG/REG FEEDBACK 
[0 [ ACTIVE LOW/COMB/REG FEEDBACK 
[1 [ ACTIVE LOW/COMB/IO FEEDBACK 
[o_[ ACTIVE HIGH/REG/REG FEEDBACK 
To” [ ACTIVE HIGH/COME/REG FEEDBACK 
Ta [4 [4 PAGTIvE HIGH/COMB/IO FEEDBACK 


easily implemented programming algorithm, these products 
can be rapidly programmed to any. customized pattern. Extra 
test words are preprogrammed during manufacturing to en- 
sure extremely high field programming yields (> 98%), and 
provide extra test paths to achieve excellent parametric 
correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large, noncon- 
ductive gaps that ensure very stable, long term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
programmable logic. 


AR COMMON ASYNCH RESET 

SP COMMON SYNCH PRESET 

OBS COMMON OBSERVASILITY 
TERM 
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Figure 1. Output Logic Macrocell (OLM) 
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| so | OUTPUT ENABLE POLARITY 
fb 0re ENABLED HIGH 
ENABLED LOW 


| $1 | OUTPUT CONFIGURATION 
ee ACTIVE LOW 
| 4 | ACTIVE HIGH 


0 = UNBLOWN FUSE 
1 = BLOWN FUSE 





Figure 2. Output Register With Polarity 





AR COMMON ASYNCH RESET 
SP COMMON SYNCH PRESET 
OBS ~~ OBSERVABILITY 
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Figure 3. Buried State Register (BSR) 
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Figure 4. Possible Configurations 
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Figure 4-1. 
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Figure 4-3. 
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of the Output Logic Macrocelis (OLMs) 





LD000210 
OUTPUT 
ACTIVE LOW S1=0 
REGISTERED S2=0 
FEEDBACK 
1/O PIN S3=1 
Figure 4-2. 
0) 
)> 3 SS 
oss 
LD000230 
OUTPUT 
ACTIVE LOW S1=0 
COMBINATORIAL S2 = 1 
FEEDBACK 
1/0 PIN $3 =1 
Figure 4-4. 


Figure 4. Possible Configurations of the Output Logic Macrocelis (OLMs) (Cont'd.) 
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LD000240 LD000250 
OUTPUT OUTPUT 
ACTIVE HIGH = S1=1 ACTIVE HIGH S1=1 
REGISTERED S2=0 REGISTERED S2=0 
FEEDBACK FEEDBACK 
REGISTERED $3 =0 \/O PIN S3=1 
Figure 4-5. Figure 4-6. 





LDO00260 LD000270 
OUTPUT OUTPUT 
ACTIVE HIGH Si=1 ACTIVE HIGH Si =1 
COMBINATORIAL S2 = 1 COMBINATORIAL S2 = 1 
FEEDBACK FEEDBACK 
REGISTERED S3=0 1/O PIN $3 =1 
Figure 4-7. Figure 4-8. 


4-109 


AmPAL*23S8 


1 > 
Q 
“ : 
: OT 
— 0 
ms $ 
aa2 
$06 wemeoeep 7 
au 2 > aE 
Cd 
is = 
oes e 
re : 
Hey 
9 
o74 3 Se 
peed —_an ce apeees 
1012 9 
1088 $ 
bed mee 5 
1960 
wee 4 >. 
1m2 —— 
= : 
1980 
1488 : 
(472 





oo ets isiBiaia/a SiRiaieiE - 

it g 0 SU ot ————<}- 
poe 3 HENS MS SHS SSS SiS eee 
70 acs man nes Gum SsauumSaanum se lm sismecesmmeaseestitene ist meesssesomememn mar 
ne ; SiSeitimetitoesstasitteetitetsiostienttimeti aetites ome 


3 


ne 


SRE BESREREEE 
EES 


1 
0 
os 
2062 9 
seeg 
4 0 
a17¢ \aaeo 
sero 3 
aaes 
=: ——_— 9 
aang | 42 ee 
360 a0 0 
3726 
a772 3 
aie 


ef 


est 
aud 


0 SS Saou S25 aoe GAS cow Sal GO Aes mom sus Gum SALOMBOR ASOD EGS sum 205 cum « poamemmmam “amy 
rs Se 
$970 en iittala me ami timation ie. 
“ta It 

a o 14 
‘on i Hees Sissies Sis Se — =e 
are z ition itomi tied on L 
6 , eae 
 ——— 9 Lt wii me 
por i LSS Santina = 
6060 ———— 5 250 ee | RE © come 


\ iste 


wre : 
ef tit 
PES seca 


ae OE 
5780 0 
6708 : 
Ro 7 
= ee 
eno 

eoas 

eora OBS 





C1 meee SP 


a0 5 ——— 
vous 


e 
* 
‘ CLD eneeed ded bee nndh pod J as = 
ctu Ie A ducenehabeieh enone debededsemn ddan semana wennaencihtinovc’ 
eee eee eee ee em Ot aie 06 2 Rem 8 6 5 eae <= owes eS | ee 
mend deh Lanne we ee BOT ee Oe ESE BO) mae 200 Res 666 Ge oes cn 8 ES ene 
Stcamcnsmence ioe Fas emmbent As E ER 22) OR OP oe 8 AA RE OO 8 Elem 2 Ree - oe 
MSS SS eae es 24 02 2 VER} SOE | ee 
real Leomed a —_ . 


INPUT LINES | 
0 4 8 12 16 20 24 2 92 96 40 44 












iil Pa imiiimiii = iimill 


il HR 


cocci 
itt i th) oC 
Hm SCC td 


SSS iaieisisscsc=is— =a 
Litnii ii ti Hii 





J 


samace mas Ss sommeccounses ome tommoe coum bs comm & 
oti Ree tet ate ewes ecem cee eee e meets eeroemereomes 


no eee 


peat ET ie 
sG;mmsna mene 


Hi Hina 


aa om ammes Oh 5 22 eM 2 RAL ON MEAS 
is :_—_ th aes sas Seccasmeesteemmssemmmens 200 eM 228 wk em 
Sime sseamne s siteenttsmmesinuetsesomee — ee ¢ CGE ~ oper 
oo ae see me Slomeseuee 
sihmerne a Simmer hieeeass * 


semua siuesces Sorat bel boretchahl 


ii 


aisomeene ts ase souenes iawn Rosse ee omme eat 
tam os Sun nseiemescammassenn ainccteunens Sama saan Sek om ose ame 
iseemece towesse aan bsaauestamtntonmsscmerne (vd hdabeeunalh kelchsemendiabe 
Prt. tit1-—tt21 1111-.-tt24 necmmmeas 


® 
os ismesei mest ieeessemmscsmmestsemess BU2 MAS RA Oks ee Be eee 


iii eS 


Tr fii iim 


te 


igh 


samme o ; 
isoueaas ‘mest! —H timmetremsts tsomscnouee timeat soomn a ; 
HSS iaiisiiesis Het Sa ee oo = a 
LT made pel imanded Ae i Pe to 
item 4 _— i os oem 
tila, 

Pine so 

HSS SSS SSS SSS ee OUTPUT 

EMSS MRS SS SSS SSS S [| Logic Pas So 


Pr ee a: 


: Saga aus a 
MCC HEH : ASYNCHRONOUS RES 


(TO ALL REGISTERS) 
LD000282 





Figure 4. Logic Diagram — JEDEC Fuse Numbering for AmPAL23S8 


4-110 


INPUT/OUTPUT DIAGRAMS 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 








Storage Temperature .............00006s ooge ete -65 to +150°C Commercial (C) Devices 

Ambient Temperature with — . Temperature (Ta) Operating Free Ajir........ 0 to +75°C 
Power Applied .........ccccsecsecncsevcccscnseccecsccesees + 125°C Supply Voltage (VCC) .......sceseeeeeeees +4,75 to +5.25 V 

Supply Voltage to Ground Potential 


Extended Commercial (E) Devices 


Continuous (Pin 20 to Pin 10)......... 70.5 to +7.0 V Temperature (TA)........ccsssseeseeceeeeeeseseeenes -55°C Min. 
Be gla ed lane 0.5 to +Voo Max Temperature (Tc) Operating Case .......... + 125°C Max. 
DC Voltage Applied to Outputs Supply Voltage (VCC) .......ceeeeeseeeees + 4.50 to +5.50 V 

During Programming ..........ccccscciecesecssesseueeeeesees 16 V Military (M) Devices 
Output Current into Outputs Temperature (TA).......ccccceceressseesnaeesseees ~55°C Min. 

During Programming Temperature (Tc).......... ingiia sae se dace eueuied + 125°C Max. 

(Maximum duration of 1 SeCONd) .........ccceeseeeee 200 mA Supply Voltage (VCC) «...-seeeeeeeeeeeee +4.50 to +5.50 V 
DC Input Voltage ..........cccceceesseeeeseeeeeees -0.5 to +5.5 V 
DC Input Current ............ceceeeeeeecee sees -30 to +5.0 mA Operating ranges define those limits between which the 


Stresses above those listed under ABSOLUTE MAXIMUM _—netionality of the device is guaranteed. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified; included in Group A, Subgroup 1, 
2, 3 tests unless otherwise noted 






ion= 82 mA 
lon =-2 mA E/M Devices 
lo. = 16 mA 






Output HIGH Voltage 


ra Output LOW Voltage 
ioe 2) Finput HIGH fevel Finput HIGH fevel level 
Input LOW level 


Voc = Min., 
Vin = Vin Or VIL 








Voc = Max. Vi = 0.8 V 
Mist 
Notes: 1. Typical limits are at Vcc = 5.0 V and Ta = 25°C. 


2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

4. 1/O pin leakage is the worst case of Iozx or |x (where X =H or L). 


CAPACITANCE 









Parameter Parameter 
Symbol lel sad Test a oe 
Input C =2.0 V @ f=1 MH 


Output Capacitance VouT = 2.0 V @ f=1 MHz 





Note: These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is i where 
capacitance may be affected. 
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KEY TO SWITCHING WAVEFORMS SWITCHING TEST CIRCUIT 


AC TEST LOAD 


WAVEFORM INPUTS OUTPUTS 


8SEC. 1Vduiy 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROM H TOL 


MAY CHANGE WILT Be 


FROML TOH 


MoM enn CHANGING CG T Ro 
= 


DON’T CARE; CHANGING; a 
ANY CHANGE STATE 
PERMITTED UNKNOWN TC001190 


BOESNOR. INES PIGH TEST OUTPUT LOADS 


APPLY IMPEDANCE 
“OFF” STATE x ‘ 
C Devices E/M Devices 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified; included in Group A, 
Subgroup 7, 8, 9, 10, 11 tests unless otherwise noted 


E/M Devices 
























Test 
Conditions 


Parameter Parameter 
Symbol Description 


Input or Feedback to 
Non-Registered Output 
Input to Output Enable 


<a Input to Output Disable 
ltcor Clock to Output 


Reg. Feedback through Array 
to Combinatorial Output, 
Relative to External Clock 



















input or Feedback Setup C Devices 


Time 


at 
—s 


~- 
N 


E/M Devices 
Ry = 390 


~- 
» 


— 
L42) 








. Typical limits are at Vcc = 5.0 V and Ta = 28°C. 
2. tpp is tested with switch S; closed and C; = 50 pF. 

3. For three-state outputs, output enable times are tested with C_ = 50 pF to the 1.5 V level; S; is open for high-impedance to HIGH tests and 
closed for high-impedance to LOW tests. Output disable times are tested with CL = 5 pF. HIGH to high-impedance tests are made to an 
output voltage of VoH-0.5 V with S; open; LOW to high-impedance tests are made to the Vo. + 0.5 V level with S; closed. 
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SWITCHING WAVEFORM 


INPUTS, /O, 
REGISTERED 
FEEDBACK 
SYNCHRONOUS 
PRESET 


yi ome TTT 
Ny BONA 


REGISTERED 


oe ow LYNN 


= 


COMBINATORIAL 
OUTPUT 
PIN 


REGISTERED ‘coz : 
FEEDBACK VIA \AXXXKYXK) 


céeumn Tora WN) 


OUTPUT PIN 


PRELOAD OF OUTPUT/MACROCELL 
REGISTERS OR BURIED STATE REGISTERS 


All AmPAL23S8 registers are provided with circuitry to allow 
loading each register synchronously with a HIGH or LOW. 
Output/macrocell registers and buried state registers are 


a PEELE; =6\\AANAS 
pl 
am WHEEL 


| 


team| 
eee LT 
LAVAL) 


-- ter tear 
aed fot 
Trim\\\ 


WF022285 


PRELOADed in separate cycles allowing output/macrocell 
registers and buried state registers to be PRELOADed with 
different values. PRELOAD will simplify testing since any state 
can be loaded into the registers to control testing sequences. 
The pin levels and timing necessary to perform the PRELOAD 
function are detailed below. Parameters are listed in the 
Programming Parameters table. 


some MOLE mores 


epi ie a Se 
Vive 


CHOOSE TO PRELOAD PRELOAD — 
BURIED REGISTERS ENABLED 
OR OUTPUT/MACRO OUTPUTS 

REGISTERS DISABLED 


Register | 
_ Selection 
Tewied | vin _| 
Output/Macro 


PRELOAD 
DATA 
CLOCKED 
(IN 
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PRELOAD 
DISABLED 


WF022292 


Level Forced on Register 
Output Pin During 
PRELOAD Cycle 


Register State 
After Cycle 








POWER-UP RESET 


The registered devices in the AMD PAL Family have been 
designed with the capability to reset during system power-up. 
Following power-up, all registers will be reset to LOW. The 
output state will depend on the polarity of the output buffer. 
This feature provides an extra flexibility to the designer and is 
especially valuable in simplifying state-machine initialization. A 
timing diagram and parameter table follow. Due to the 












REGISTERED 
OUTPUT 









Power-Up 
Reset Time 
ts 


Setup Time 


Programming and Verification 


The AmPAL23S8 is programmed and verified using AMD's 
standard programmable logic programming algorithm. The 
fuse to be programmed is selected by input line number (array 
row), product term (array column), and by one output at a time. 
The fuse is then programmed and verified by applying a simple 
sequence of voltages to two control pins (1 and 11). 


Input line numbers (0 through 46) are addressed using a full 
decode scheme via TTL levels on pins 6 through 9, where 6 is 
the least significant bit (LSB) and 9 is the most significant bit 
(MSB). Even numbered input lines represent the ‘'true” 
version of a signal, and odd numbered lines represent the 
"complement." Input line addressing is shown in Table 1. 
Note that input lines 47 through 53 are reserved for further 
expansion. Also, input line 46 is employed in the selection of 
the fuses used for programming output polarity, feedback 
selection, and "registered'’ versus ‘combinatorial'' output 
selection. 


Product terms (PTs) are addressed with the use of a 1-of-26 
addressing scheme on pins 2 through 5, where pin 2 is the 
LSB and pin 5 is the MSB. PT addressing is shown in Table 2. 
Note that the outputs with unassigned fuse numbers in Table 2 
will decode blank space for those decoding values. Logical 
PTs and architectural PTs are selected by the same address- 
ing scheme. The specific decoding of architectural features is 
best shown in Table 2. 
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Parameter Parameter | | 
Symbol Description Typ. 
| 0 | 000 | ns 


Input or Feedback 





Clock Width 





asynchronous operation of the power-up reset and the wide 
range of ways Vcc can rise to its steady state, two conditions 
are required to ensure a valid power-up reset. These condi- 
tions are: 


1. The Vcc rise must be monotonic. 

2. Following reset, the clock input must not be driven from 
LOW to HIGH until all applicable input and feedback 
setup times are met. 


WF022300 








See Switching Characteristics 


Fuse selection by output must be done one output at a time 
(following control pin 1 going to VHH) as shown in the 
Programming Waveform diagram. 


Once fuses have been selected, the simple programming and 
verification sequence may be completed as shown in the 
Programming Waveform diagram. AC and DC requirements for 
programming are shown in the Programming Parameters 
table. A detailed description of the programming algorithm is 
provided. 


Programming Yield 


AMD PALs have been designed to ensure extremely high 
programming yields ( > 98.5%). To help ensure that a part was 
correctly programmed once programming is completed, the 
entire fuse array should be re-verified at both low and high 
Vcc. Re-verification can be accomplished by reading all eight 
outputs in parallel rather than one at a time. This verification 
cycle checks that the array fuses have been blown and can be 
sensed by the outputs under varying conditions. 


AMD PALs contain many internal test features — including 
circuitry which allows AMD to test the ability of each part to 
perform programming before shipping, to assure high pro- 
gramming yields and correct logical operation for a correctly 
programmed part. Programming yield losses are most likely 
due to poor programming socket contact, programming equip- 
ment out of calibration, or improper use of equipment. 
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‘PROGRAMMING PARAMETERS (Ta = 25°C) 


is Pees 
Symbol Description es Typ. | Max. | Units 
[input Extra High Level During Programming & Verty [Pins 47,880 | 10 | 1 | 12 
[Vor ___| Program Voltage Pins 12-19 @ 15-200mA_SC~C“*‘“‘*~*é*dCSCA'~SC«d@C(#‘SSCd 
[Vine | Input High Level During Programming and Verfy SSCSCSC*~‘d#CR_—=* 
[Yur | Input Low Level During Programming and Verity CdCl 
[Voor | Voc During Programming (Voo= 100-200 ma) SSCSC~“~*~*~*~*~sSC«i 
P Voc. | Yoo During First Pass Verification SSSCSC~“~*‘“~*~*~*~*~*~*~*dCi CS 
[Voch | Voo During Second Pass Verfication SS SSCSC~“‘“*dCSAC~C 
Veiown | Successful Blown Fuse Sense Level @ Output SSCSCS~—~YSSCS 
[dVop/at__| Rate of Output Voltage Changs SSCSC~“*~*~*~‘“‘~‘~‘~*~‘—*~*~‘~*~*~*~*~*~*wSCiC*” 
| 20 
ff] 
ee 
| 100 
| 100 | 
| 5.0 | 
| 1.0 





| First Time Fusing Attempt 
pte Subsequent Attempts (maximum of 8) 
[to | Delays Betwoon Various Level Changes SSCS 


Period During which Output is Sensed. for Veiown Level 
Pull-Up Voltage On Outputs Not Being Programmed (During Programming) 


| lone Current Limit Into Outputs Not Being Programmed (During Programming) 








3 


zi<i< | , 
3|< Blele|<|<|<|<1<|/<|<| < 
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through the proper fuse, resulting in an open fuse in a few 
microseconds; 


TTL PAL Programming Procedure 
Fusing Technique 








6. The output voltage is lowered (the programming voltage is 


AMD's PAL devices have been designed to use a program- 
removed); 


ming algorithm which minimizes the requirements on the 
programmer while allowing the circuit to blow the Platinum- 7 
Silicide fuse links quickly and reliably. Specifically, the follow- 

ing sequence of events must take place: 8. The registers are clocked to enable the sensed bit to the 
output; 







. The outputs are enabled; 







1. Vccp power is applied to the device; 








2. The appropriate input line number and column line num- 9. Verify that the fuse has been blown (fuse 
ber addresses are selected: blown = LOW). In the unlikely event that the fuse 
does not verify as blown, a maximum of eight subse- 
3. Outputs and normal inputs are disabled; programming quent attempts with much longer pulses can be ap- 
decode is enabled; plied to the fuse at a higher duty cycle; 






4. The programming voltage is applied to one output; 





10. At the conclusion of programming, the device should be 
5. The fuse enable voltage is raised to enable a high- verified for correct data at all addresses, with two Vcc 
threshold voltage gate. This action gates the current flow supply voltages, VccH = 5.5 V, and VocL = 4.5 V. 














PROGRAMMING WAVEFORMS 


PINS 2.5.6 SELECTED INPUT LINE NUMBER ANDO 
| os COLUMN LINE NUMBER ADDRESSES STABLE 


P DORESS : 
INPUTS . ; x 













SELECTED INPUT LINE NUMBER AND 
PINS 3,4,7.8.9 COLUMN LINE NUMBER ADDRESSES STABLE 





OUTPUT ASSOCIATED 






FUSE BLOWN = LOW 
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AmPAL23S8 Programming Support Information. 















Hardware | Programmer | Personality | = Socket 
- Vendor - Model(s) ~ - Module — Adaptor | 


| Data 1/O i 
10525 Willow Road N.E. 
Redmond, WA 98052 







System 19, | | Under | — Under 
. 29, or 100 Development Development 
Model 60A Under ‘Under. 
or 60H evelopment _Development 
| Model PPZ Under Under ’ 
ebabatdsllladl Development 
Mode! ZL30 Under Under 
Development Development 


The machines noted above have been qualified by AMD to ensure high programming yields. Check with ee to determine 
current status of equipment noted as ''Under Development,"' or for other available models. 










Stag Microsystems 
528-5 Weddel Drive 
Sunnyvale, CA 94086 





Design Aid Software for AmPAL23S8 


| ‘Software Software 
Vendor _ Package Comments 
P-CAD e 


Systems 
(408) 971-1300 


Advanced Developed and 
Micro Devices. AmCUPL supported by P-CAD 
(408) 732-2400 ; Systems 


| Data 1/0 : 
(206) 881-6444 ABEL Et 
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INPUT ADDRESSING 


TABLE 1. 


Input Line Number 


| input Line Number 


Address State 


Address State 





Pins 


fee [7 Te "fo Te Ta Te | 


poo fe fe feed a7 [et feat [h | 
Re ESE Ee a 





Pins 








Be) ee aes ee tam ee ee ad) ie ae = Lit = 


RESERVED 


ao} ae + = a fe 


et E- 


Oi wT Ww MAiporprin; OM) stl, wo], o 





VILP 
VIHP 


VHH 
*Architecture Row 


iegalid: L 


H 
HH 
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TABLE 2. COLUMN NUMBER ADDRESSING 


Select Address Description 
cn [i Pin States —=— 
pofofofofolofH{L{e | & |togics prs 

















eee ee eee 
CF [0 
For Tor [oe for for [or Tor [oe Tue [ar] t | uu Pomy 
oe eee eee ee. 

aro [oor [or [er[eer[n [rf «oer 


SP = Been PRESET 
Pin | Pin | Pin | Pin | Pin | Pin | Pin | Pin oe . . 
12 13 14 15 16 17 18 19 
Buried State Registers 


T tefelo]*]e]>] [ijeitqt Logical PTs 





Pin | Pin _ is Pin | Pin i 
12 | 13 14 16 | 17 
Programming Access & Verify Pins 


Legend: L = Vi_p 
H = ViHP 
HH = Vin 
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AMD Standard 24-Pin PAL* Family 


24-Pin IMOX™ Programmable Array Logic (PAL) Elements 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


AMD's superior IMOX technology 
- Guarantees tpp = 15 ns max 


Programming yields > 98% are realized via platinum- 
silicide fuse technology and the use of added test words 
Post Programming Functional Yield (PPFY) of 99.9% 
PRELOAD feature permits full logical verification 





@ Reliability assured through more than 70 billion fuse 
hours of life testing with no failures 
Full AC and DC parametric testing at the factory through 
on-board testing circuitry 
> 3000V ESD input protection per pin 
JEDEC-Standard LCC and PLCC pinout 


GENERAL DESCRIPTION 


AMD Standard 24-pin PAL devices are high-speed, electri- 
cally programmable array logic elements. They utilize the 
familiar sum-of-products (AND-OR) structure allowing users 
to program custom logic functions to fit most applications 
precisely. Typically they are a replacement for low-power 
Schottky SSI/MSI logic circuits, reducing chip count by 
more than 5 to 1 and greatly simplifying prototyping and 
board layout. 


Five different devices are available, including both regis- 
tered and combinatorial devices. All devices have user- 
programmable output polarity on all outputs. A variety of 
speed options allow the designer maximum flexibility in 
matching precise system requirements. The Product Selec- 
tor Guide below shows the available speed options. The 
second table gives details about the functionality of the five 
available devices. 


Please see the following pages for Block Diagrams. 


PRODUCT SELECTOR GUIDE 


AMD PAL Speed/Power Families 


Family 


Very High-Speed 
(''B'') Versions 


High-Speed 
("A"") Versions 
High-Speed, 
Half-Power 


("AL") Versions 


-20 & -25 Versions 
(AMPAL20L10 only) 


*Except AmMPAL20L10 (Icc = 165 mA) 


C= fetes pe [ef «= Te 


ee 
ns (Max.) ns (Max.) mA (Min.) 


C/M Devices | C Devices |M Devices | 


Part Array Loaic Output Package 
Number Inputs 9 Enable Pins 
12 Dedicated, , 8 Bidirectional 
20L10 8 Bidirectional Ten (3)-Wide AND-OR Programmable 2 Dedicated 
12 Dedicated, 
20R4 4 Feedback, 
4 Bidirectional 


12 Dedicated, 
6 Feedback, 
2 Bidirectional 


| Four (8)-Wide AND-OR Registered 
Four (7)-Wide AND-OR Programmable Bidirectional 


Two (7)-Wide AND-OR Programmable 


fe ee 


14 Dedicated 
an 6 Feedback 


IMOX is a trademark of Advanced Micro Devices, inc. 


*PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 


3 \ 7 
Se (Wide AND-OF 


Eight (7)-Wide AND-OR Programmable |  piivectional 





Publication # Rev. 
08792 A /0 
4-124 Issue Date: October 1986 


Amendment 
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*PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 
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BLOCK DIAGRAMS (Cont'd.) 
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AMD Standard 24-Pin PAL* Family 


BLOCK DIAGRAMS (Cont'd.) 
AmPAL20L8 
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CONNECTION DIAGRAMS 
Top View 
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Note: Pin 1 is marked for orientation. 





*Also available in 24-Pin Ceramic Flatpack. Pinouts identical to DIPs. 
**Also available in 28-Pin Plastic Leaded Chip Carrier. Pinouts identical to LCC. 


PIN DESIGNATIONS 


| = Input 
1/O = Input/Output 
O = Output 
Voc = Supply Voltage 
GND = Ground 
CLK = Clock 
OE = Output Enable 
NC = No Connect 
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AMD Standard 24-Pin PAL* Family 


ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 





B. Speed Option (if applicable) 
C. Package Type 

D. Temperature Range 

E. Optional Processing 


AMPAL20L8 Bo P 


i 


A. DEVICE NUMBER/DESCRIPTION 
AMD Standard 24-Pin PAL Family 
24-Pin IMOX Programmable Array Logic 


Valid Combinations — 


Oo 


. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn In 


. TEMPERATURE RANGE 


C = Commercial (0 to + 75°C) 
E = Extended Commercial (-55 to + 125°C) 


. PACKAGE TYPE 


P = 24-Pin Plastic DIP (PD 024) 

D = 24-Pin Ceramic DIP (CD 024) 

J = 28-Pin Plastic Leaded Chip Carrier 
(PL 028) 

L = 28-Pin Ceramic Leadless Chip Carrier 
(CL 028) 


. SPEED/POWER 


See Product Selector Guide 


Valid Combinations 


AMPAL20L 10B/-20/A/AL Valid Combinations list configurations planned to be 
AMPAL20R4B/A/AL supported in volume for this device. Consult the local AMD 
AMPAL20R6B/A/AL sales office to confirm availability of specific valid 


AMPAL20L.8B/A/AL 
products. 
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| AMPAL20R8B/A/AL JC, LC, LE combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 


ORDERING INFORMATION (Cont'd.) 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 
processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a 
combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Device Class | 

D. Package Type 

E. Lead Finish 


AMPAL20L8 B 


-AMPALZULS | 3B. /B L A 
. LEAD FINISH 
A= Hot Solder DIP 
C = Gold 
D. PACKAGE TYPE 
L = 24-Pin Ceramic DIP (CD 024) 
3 = 28-Pin Ceramic Leadless Chip 
Carrier (CL. 028) 
K = 24-Pin Ceramic Flatpack (CF 024) 
C. DEVICE CLASS 
/B = Class B 
B. SPEED/POWER 


See Product Selector Guide 
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A. DEVICE NUMBER/DESCRIPTION 
AMD Standard 24-Pin PAL Family 
24-Pin IMOX Programmable Array Logic 


Valid Combinations Valid Combinations 
AMPAL20L10B/-25/A/AL Valid Combinations list configurations planned to be 


AMPAL20R4B/A/AL /BLA supported in volume for this device. Consult the local AMD 
AMPAL20R6B/A/AL /BSC, sales office to confirm availability of specific valid 
AMPAL20R8B/A/AL /BKA combinations or to check for newly released valid 
AMPAL20L8B/A/AL combinations. 





Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, & 11 


4-127 


AMD Standard 24-Pin PAL* Family 


FUNCTIONAL DESCRIPTION 


AMD Standard 24-Pin PAL Family 
Characteristics 


All members of the AMD Standard 24-Pin PAL Family have 


' state value to be loaded into the 


common electrical characteristics and programming proce-. 


dures. All parts are produced with a fusible link at each input to 
the AND gate array, and connections may be selectively 
removed by applying appropriate voltages to the circuit. 


Initially the AND gates are connected, via fuses, to both the 


true and complement of each input. By selective programming 
of fuses the AND gates may be ''connected"’ to only the true 
input (by blowing the complement fuse), to only the comple- 
ment input (by blowing the true fuse), or to neither type of input 
(by blowing both fuses) establishing a logical ''don't care." 
When both the TRUE and complement fuses are left intact a 
logical false results on the output of the AND gate, while all 
fuses blown results in a logical-TRUE state. For combinatorial 
outputs, the AND gates are connected to fixed-OR gates 
whose outputs become device outputs. For registered outputs, 
the AND gates are connected to fixed-OR gates whose 
outputs become output register inputs. 


All parts are fabricated with AMD's fast programming, highly 
reliable Platinum-Silicide Fuse technology. Utilizing an easily 
implemented programming algorithm, these products can be 
rapidly programmed to any customized pattern. Extra’ test 
words are pre-programmed during manufacturing to insure 
extremely high field programming yields ( > 98%), and provide 
extra test paths to achieve excellent parametric correlation. 


-Power-Up Reset 


- The registered devices in the AMD PAL family have been 


designed to reset during system power-up. Following power- 
up, all registers will be initialized to zero, setting all the outputs 
to a logic 1. This feature provides extra flexibility to the 
designer and is especially valuable in simplifying state ma- 
chine initialization. 
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PRELOAD 


AMD PAL devices are designed with unique PRELOAD 
circuitry that provides an easy method of testing registered 
devices for logical functionality. PRELOAD allows any arbitrary 
registered output of an AMD 
PAL. device. es | 


A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. This 
requires the ability to set the state registers into an arbitrary 
"present state’’ value and to set the device inputs to any 
arbitrary ‘present input'' value. Once this is done, the state 
machine is clocked into a new state or ''next state.'' The next 
state is then checked to validate the transition from the 
present state. In this way any state transition can be checked. 


Without PRELOAD, it is difficult and in some cases impossible 
to load an arbitrary present state value. This can lead to logic 
verification sequences that are either incomplete or excessive- 
ly long. Long test sequences result when the feedback from 
the state register ''interferes'' with the inputs, forcing the 
machine to go through many transitions before it can reach an 
arbitrary state value. Therefore the test sequence will be 
mostly state initialization and not actual testing. The test 
sequence becomes excessively long when a state must be 
reentered many times to test a wide variety of input combina- 
tions. 


In addition, complete logic verification may become impossible 
when states that need to be tested cannot be entered with 
normal state transitions. For example, even though necessary, 
the state entered when a machine powers up cannot be 
tested, because it cannot be entered from the main sequence. 
Similarly, ''forbidden" or don't care states that are not 
normally entered need to be tested to ensure that they return 
to the main sequence. 


PRELOAD eliminates these problems by providing the capabil- 
ity to go directly to any desired arbitrary state. Thus test 
sequences may be greatly shortened, and all possible states 
can be tested, greatly reducing test time and development 
costs, and guaranteeing proper in-system operation. 
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Figure 1. AmPAL20L10 Logic Diagram and JEDEC Fuse Numbering 
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Figure 2. AmMPAL20R4 Logic Diagram and JEDEC Fuse Numbering 
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Figure 3. AmPAL20R6 Logic Diagram and JEDEC Fuse Numbering 
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Figure 4. AmPAL20R8 Logic Diagram and JEDEC Fuse Numbering 
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Figure 5. AmPAL20L8 Logic Diagram and JEDEC Fuse Numbering 
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AMD Standard 24-Pin PAL* Family 
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Power-Up Reset 


PRELOAD of Registered Outputs 


The AMD Standard 24-Pin PAL devices incorporate circuitry to 
allow loading each register synchronously to either a HIGH or function are detailed below: 


Level forced on registered output Register Q output state after 
pin during PRELOAD cycle cycle 
ee ee <~ 





LOW state. This feature simplifies testing since any initial state 
for the registers can be set to optimize test sequencing. 


The pin levels and timing necessary to perform the PRELOAD 
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operation of the power-up RESET and the wide range of ways 
Vcc can rise to its steady state, two conditions are required to 


Family have been designed with the capability to reset during 


system power-up. Following power-up, all registers will be 1. The Voc rise must be monotonic. 
reset to LOW. The output state will be HIGH. This feature 
provides flexibility to the designer and is especially valuable in 2. Following reset, the clock input must not be driven from 
simplifying state-machine initialization. A timing diagram and LOW to HIGH until ail applicable input and feedback 
parameter table are shown below. Due to the asynchronous setup times are met. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Commercial (C) Devices 

Storage Temperature Temperature (Ta) 0 to +75°C 
Supply Voltage to Ground Potential Supply Voltage (Vcc) +4.75 to +5.25 V 

(Pin 24 to Pin 12) Continuous . 
DC Voltage Applied to Outputs Extended Commercial (E) Devices 

(Except During Programming) : ; Temperature (TA) 
DC Voltage Applied to Outputs Temperature (Tc) 

During Programming Supply Voltage (Vcc) 
Output Current Into Outputs During Military (M) Devices* 

Programming (Max Duration of 1 sec) Temperature (Ta) ~55°C Min. 
DC Input Voltage Temperature (Tc) +125°C Max. 
DC Input Current Supply Voltage (Vcc) +4.50 to +5.50 V 


Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits between which the 
RATINGS may cause permanent device failure. Functionality functionality of the device is guaranteed. 

at or above these limits is not implied. Exposure to absolute *Military product 100% tested at To = +25°C, +125°C, 
maximum ratings for extended periods may affect device and —55°C. 

reliability. 
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DC CHARACTERISTICS over operating range unless otherwise specified; included in Group A, Subgroup 1, 
2, 3 tests unless otherwise noted 


Voc = Min., IOH =-3.2 mA COM'L 
ee ee jlon=-2 mA MIL 
| Voo = Min. lo.=-24 mA COM'L 
ain A lou =-12 ma 
: =e fa 


Guaranteed Input Logical HIGH 
(Note 2) Input HIGH Level Voltage for All Inputs 


Tea [retin rege Pg 
ee 
rc | input HIGH Current | Voo=Max, Vin=27Vo et ua 
Pipa GH Coren Voom. VeVi a 
ise Tet Serres Garant | Ver = Wan, Vour= 08 Vea ss = = 
COM! Lt 1 oN — 
940 















| 


























a= = ‘lg = is 


oT i 







loc Power Supply Current 


ot ah To] 
VS Se 
| =08 [=a I 
SES 
SE TS OES a 














ne ollieut should be tested at a time. Duration of the short circuit should not be more than one second. 
been chosen to avoid test problems caused by tester ground degradation. 
O pin leakage is the worst case of lozx or lix (where X =H or L). 


CAPACITANCE* 










Parameter Parameter 
Symbol Description Test Conditions 
NIN = = 2.0 V Pins 1, 13 
Input Capacitance 


Output Capacitance gee 2.0 V @ f=1 MHz pF | 


ae parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is ee where capacitance 
may be affected. 
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Notes: 1. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified; included in ae A 
COMMERCIAL RANGE 


Parameter Parameter Typ. Typ. 
Symbol Description (Note 1) (Note 1) 


Input or Feedback to Non-Registered 15 eo 
Output 20L10, 20R4, 20R6, 20L8 ve - 
Input to Output Enable 20L10, 20R4, - 
20R6, 20L8 










Subgroup 9, 10, 11 tests unless otherwise noted 





~20 Versions 
B Versions (Note 4) 












“Input to Output Disable 20L10, 20R4, 
20R6, 20L8 


Typical limits are at Voc = 5.0 V and Ta = 25°C. 


2. tpp is tested with switch S; closed and C;, = 50 pF. 


3. 


For three-state outputs, output enable times are tested with C,_ = 50 pF to the 1.5 V level; S1 is open for high impedance to HIGH 
tests and closed for high impedance to LOW tests. Output disable times are tested with C, = 5 pF. HIGH to high impedance tests 
are made to an output voltage of VoH-0.5 V with S; open; LOW to high impedance tests are made to the Vo,_ + 0.5 V level 
with S; closed. 


. AmMPAL20L10 only. 


MILITARY RANGE 





-25 Versions 
(Note 4) A & AL Versions 


Parameter 
Description 


input or Feedback to Non-Registered 
Output 20L10, 20R4, 20R6, 20L8 


Pars to Output Disable 20L10, 20R4, 
20R6, 20L8 z 


. I ea 
ook wath SSSCSC*deat Sire | 


ER A Ta A 


Typical limits are at Vcc = 5.0 V and Ta = 25°C. 

2. tpp is tested with switch S; closed and C, = 50 pF. 

. For three-state outputs, output enable times are tested with C_ = 50 pF to the 1.5 V level; S; is open for high impedance to 
HIGH tests and closed for high impedance to LOW tests. Output disable times are tested with C, = 5 pF. HIGH to high 
impedance tests are made to an output voltage of VoH-0.5 V with S; open; LOW to high impedance tests are made to the 
VoL + 0.5 V level with S; closed. . 


. AMPAL20L10 only. 





4-136 





SWITCHING TEST CIRCUIT 


Vec © 5V S, 
C, Co Ry 
24 
e @ 
- 7 : Ro CL 
INPUTS e OUT e 
e @ 
e ® 
12 OUTPUTS — 


TC003051 


Note: C; and Co are to bypass Vcc to ground. 










TEST OUTPUT LOADS 
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TS, 1/0, 
stocrencs WIN 
FEEOBACK /X\}\} 


ce 


REGISTERED 
OUTPUTS: 






COMBINATORIAL 
OUTPUTS: 


KEY TO TIMING DIAGRAM 


WAVEFORM 


PROGRAM/VERIFY 
CIRCUITRY 


WAXXXYYY) 
YY 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 


' FROML TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 







OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE |S HIGH 
IMPEDANCE 
“OFF” STATE 





KS000010 


YY YYYYXYYRYYYYYY 
NY 


© 
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PROGRAM/VERIFY 
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SWITCHING WAVEFORMS 





[-@ 





WF002571 


INPUT CIRCUITRY 


Voc 


5, j se J 
— + 
Ay 
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OUTPUT CIRCUITRY 


FROM 
SENSE 


1C000720 





INPUT PROGRAMMING 
TO ARRAY CURRENT PATH 


ICo00801 


Programming and Verification 





AMD Standard 24-Pin PAL Family devices are programmed 
and verified using AMD's standard programmable logic algo- 
rithm. The fuse to be programmed is selected by input line 
number (array row), product term (array column), and by 
output (one at a time). The fuse is then programmed and 
verified by applying a simple sequence of voltages to two 
control pins (1 and 13). 


Input line numbers are addressed using a full decode scheme 
via TTL levels on pins 6-11 where 6 is the LSB and 11 is the 
MSB. Even-numbered input lines represent the true version of 
a signal and odd-numbered lines represent the complement. 
Input line addressing is shown in Table 1. 


Product terms are addressed using a 1-of-16 addressing 
scheme on pins 2-5 where pin 2 is the LSB and 5 is the MSB. 
Product term addressing is shown in Table 2. Logical product 
terms are selected via TTL levels on the four addressing pins. 


Fuse selection by output must be done one output at a time 
(following control pin 1 going to VHH), as shown in the 
programming timing diagram. 


Once fuses have been selected, the simple programming and 
verification sequence may be completed as shown in the 
programming timing diagram. AC and DC requirements for 
programming are shown in the programming parameter table. 







PROGRAMMING PARAMETERS Ta = 25°C 


HH 


Parameter 
Symbol 


Program Voltage Pins 14-23 @ 15-200 mA 
Input HIGH Level During Programming and Verify 


< 
.@)] 


p 
VIHP~ 
VILP 
Vocp 
VCCL 
VCCH 
VBlown 
Vop/dt 
dV43/adt 


Input LOW Level During Programming and Verify 
Vcc During Programming @ Icc = 50-275 mA 


Successful Blown Fuse Sense Level @ Output 


Rate of Output Voltage Change 


Fusing Time First Attempt 
Subsequent Attempts 





Vcc During First Pass Verification @ ioc = 50-275 mA 
Vcc During Second Pass Verification @ Ico = 50-275 mA 


Rate of Fusing Enable Voltage Change (Pin 13 Rising Edge) 


Security Fuse Programming 


A single fuse is provided on each device to prevent unautho- 
rized copying of PAL fuse patterns. Once blown, the circuitry 
enabling fuse verification and registered output PRELOAD is 
permanently disabled. 


Programming of the security fuse is the same as an array fuse. 
Verification of a blown security fuse is accomplished by 
verifying the whole fuse array as if every fuse is blown. 


Programming Yield 


AMD PAL devices have been designed to ensure extremely 
high programming yields ( > 98%). To help ensure that a part 
was correctly programmed, once programming is completed, 
the entire fuse array should be verified at both LOW and HIGH 
Voc. Reverification can be accomplished by reading all ten 
outputs in parallel rather than one at a time. This verification 
cycle checks that the array fuses have been blown and can be 
sensed by the outputs under varying conditions. 


AMD PAL devices contain many internal test features, includ- 
ing circuitry and extra fuses which allow AMD to test the ability 
of each part to perform programming before shipping, to 
assure high programming yields and correct logical operation 
for a correctly programmed part. Programming yield losses are 
most likely due to poor programming socket contact, program- 
ming equipment out of calibration, or improper usage of said 
equipment. 


Parameter 
Description Typ. 
mace Pin 1 @ 610 mA Ee 
Control Pin Extra High Level 


Pin 13 @ 5-10 mA 


saa a reel Ss ae 
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Delays Between Various Level Changes 

Period During which Output is Sensed for VBiown Level 
Pull-Up Voltage On Outputs Not Being Programmed 
Pull-Up Resistor On Outputs Not Being Programmed 


VoONP 
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mcgmmee MAAN - 
an, cess ae 


Design Aid Software for AMD Standard 24-Pin PAL Family 


[wane [vendor [versions [Notes 


Data 1/0 IBM PC 


VAX/VMS 
(206). 881-6444 VAS/UNIX 


IBM PC 































-P-CAD Systems VAX/VMS 
(408) 971-1300 VAX/UNIX 
CPM 80/86 





Advanced Micro Devices Supported by 
i eu (408) 732-2400 IBM PC |_P.CAD Systems 
AMD Qualified Programmers 


Programmer 
Model(s) AMD PAL Personality Module Socket Adapter 


Data I/O | Systems 19, 29° | Systems 19, 29° 29 950-1942-0044 303A-011A 


10525 Willow Road N.E. 
Redmond, WA 93052 Under Development 


Stag Microsystems 
528-5 Weddell Drive 
Sunnyvale, CA 94086 


Valley Data Sciences 
2426 Charleston Road 
Mountain View, CA 94043 | 






















i 
oO 








Model PPZ Under Development 


Under Development 


Under Development 








On Board 





















160 Series On Board 





PROGRAMMING TIMING DIAGRAM 


mr Vine 
PINS WW , 
2-41 a INPUT LINE NUMBER AND PRODUCT TERM LINE NUMBER ADDRESSES 
Vice 
—— View 
PIN1 oe an ae Vine 
F 


TIME 





PIN 13 


tb ty to 
‘ac ha 235 


——_______——- PROGRAMMING ———__—_____—> —————-_——— VERIFY ———-—— 


PF001101 
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INPUT ADDRESSING 
Input Line Number 
Address Pin States 
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AMD Standard 24-Pin PAL* Family 


TABLE 2-1. PRODUCT TERM ADDRESSING (AmPAL20L 10) 













Product Term Select 


Address Pin Programming Access and Verify Pin 


: Bs be 


17 
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aeanal 
a od 
iol db 
balls 












L = Vitp 
H = ViIHP 
OE = Output Enable 
SF = Security Fuse 


TABLE 2-2. PRODUCT TERM ADDRESSING (AmPAL20R4) 







Product Term Select 
Address Pin 







Programming Access and Verify Pin 


2s | ae |r| | to | te | | tts 


ila laa 
Pl l= 
rr rrerer: 
Sala ell 








ee PERS BRoearee EROS 


Logical/Architectu 


Line Number 















VILP 


VIHP 
Output Enable 


Security Fuse 


ral Product Term 


<= 
fH doi 
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TABLE 2-3. PRODUCT TERM ADDRESSING (AmPAL20R6) 


Product Term Select 
Address Pin Programming Access and Verify Pin 





Fer 
epee rere 
elated tlle 
is ta bol 








VILP 


VIHP 
Output Enable 


Security Fuse 


TABLE 2-4. PRODUCT TERM ADDRESSING (AmPAL20R8) 










nO 
nm 
Ml 







Product Term Select 
Address Pin 








saanseaeee 
iol co 
ell tele 
il loa ae 


ViLP Logical/Architectural Product Term Line Number 


VIHP 
Output Enabie 


Security Fuse 
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TABLE 2-5. PRODUCT TERM ADDRESSING (AmPAL20L8) 






Product Term Select 





Address Pin Programming Access and Verify Pin 
ps iaits [2] a | 2 | a | o | wo | iw | iv | 
Ce ee 


AMD Standard 24-Pin PAL* Family 


| 
~ 
= 
0 


| Logical/Architectural Product Term Line Number 


= VIHP 
OE = Output Enable 
SF = Security Fuse 
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24-Pin IMOX™ Programmable Array Logic (PAL) Elements 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


@ AMD's superior IMOX technology 
_- Guarantees tpp = 15 ns max 
@ Individually programmable output polarity on each out- 
put 
@ Eight logical product terms per output 
@® Programming yields > 98% are realized via platinum- 
silicide fuse technology and the use of added test words 
@ Post Programming Functional Yield (PPFY) of 99.9% 


@ PRELOAD feature permits full logical verification 

@ Reliability assured through more than 70 billion fuse 
hours of life testing with no failures 

@ Full AC and DC parametric testing at the factory through 
on-board testing circuitry 

@ > 3000V ESD input protection per pin 

e JEDEC-Standard LCC and PLCC pinout 


GENERAL DESCRIPTION 


AMD Enhanced 24-pin PAL devices are high-speed, electri- 
cally programmable array logic elements. They utilize the 
familiar sum-of-products (AND-OR) structure allowing users 
to program custom logic functions to fit most applications 
precisely. Typically they are a replacement for low-power 
Schottky SSI/MSI logic circuits, reducing chip count by 
more than 5 to 1 and greatly simplifying prototyping and 
board layout. Additional product terms, two additional 
outputs, and programmable output polarity are enhance- 
ments over industry-standard 24-pin PAL devices. 


Five different devices are available, including both regis- 
tered and combinatorial devices. All devices have user- 
programmable output polarity on all outputs. A variety of 
speed options allow the designer maximum flexibility in 
matching precise system requirements. The Product Selec- 
tor Guide below shows the available speed options. The 
second table gives details about the functionality of the five 
available devices. 


Please see the following pages for Block Diagrams. 
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PRODUCT SELECTOR GUIDE 





AMD PAL Speed/Power Families : 


ee es 
ns (Max.) ns (Min.) ns (Max.) mA (Min.) 





Family C/M Devices 
Very High-Speed 
("B") Versions 15 15 12 15 210 24 12 
High-Speed 
High-Speed, 
Half-Power 25 30 25 30 15 20 105 24 12 
("AL"') Versions 


Part Array Output Package 
Number Inputs Logic Enable Outputs/Polarity Pins 
12 Dedicated, ; accent 
22P10 10 Bidirectional Ten (8)-Wide AND-OR Programmable Bidirectional/Programmable 


10 Dedicated, 
20RP4 4 Feedback, 
6 Bidirectional 


Four (8)-Wide AND-OR Registered/ Programmable bi 
Six 8-Wide AND-OR Programmable Bidirectional/Programmable 
Six (8)-Wide AND-OR Dedicated Registered/Programmable 
6 Feedback, 24 
4 Bidirectional Four 8-Wide AND-OR Programmable Bidirectional/Programmable 
10 Dedicated, Eight (8)-Wide AND-OR Registered/Programmable 
8 Feedback, 24 
| 


10 Dedicated, 
20RP6 


20RP8 


2 Bidirectional Two 8-Wide AND-OR Programmable Bidirectional/Programmable 
Pose eCleaie’ Ten (8)-Wide AND-OR Registered/Programmable 


20AP10 | 49 Feedback 





Publication # Rev. Amendment 
08791 A /0 
' Issue Date: October 1986 


*PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 


4-145 


AMD Enhanced 24-Pin PAL* Family 


BLOCK DIAGRAMS 
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“PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 
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BLOCK DIAGRAMS (Cort'd.) 
AmPAL20RP6 
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aa E cai 
4 £. 

$f >>. 5 INPUT) 
a ae I ouTPUT 

< 
i ae rene eral oer 
at ae ie OUTPUT 

4 

cp cs 
LD001120 
AmPAL20RP8 
oe Lg 
8 : 

rae gee SS Siieur 
> OUTPUT 








AND ARRAY 
(40 X 82) 


10 7 
PROGRAMMABLE- 4 am | 


‘So > OUTPUT 


(\ 























4 CS 
‘4 ‘a 
Sane ag Oe ‘ peters 
: so 
+> ‘ mo 
: a 
Ree een Cee, ell 
< 
cP C4 
LD001130 


4-147 


AMD Enhanced 24-Pin PAL* Family 
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BLOCK DIAGRAMS (Cont'd.) 
AmPAL20RP 10 
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LD001140 


CONNECTION DIAGRAMS 
Top View 


DIPs* LCCc** 













| { (NOTE 12) 
| € (NOTE 11) 


(NOTE 1)[]1 241 1Vcc 
ILj2 23 |_| (NOTE 12) 
ILJ3 22 |_| (NOTE 11) 
iCj4 21 {_] (NOTE 10) } 
IL ds 20 [| (NOTE 9) | 
iILj6 (NOTE 8) 
(LJ 7 18 |_| (NOTE 7) 
IL} s 17 |_} (NOTE 6) 
tL}9 16 [-] (NOTE 5) | 
1 {_] 10 15 |_| (NOTE 4) ] 












rm ft ( (NOTE 1) 





25 [_( (NOTE 10) 
24 [ { (NOTE 9) 
23 [| ( (NOTE 8) 


NC 22 | ( NC 
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211 { (NOTE 7) 
20 L_{€ (NOTE 6) 


19 | € (NOTE 5) 


for) 
N 
@ 





11 

IL 14 |_} (NOTE 3) NAAFI mito 
GND |_| 12 13 [_] (NOTE 2) ae ae ae ae ee 
Oo Lu uJ Lu 

CD010250 Be. oe. we 

22 e 


CD010260 


Note: Pin 1 is marked for orientation. 


CLK CLK 


Notes: 








*Also available in 24-Pin Ceramic Flatpack. Pinouts identical to DIPs. 
**Also available in 28-Pin Plastic Leaded Chip Carrier. Pinouts identical to LCC. 


PIN DESIGNATIONS 


| = Input 
1/O = Input/Output 
O = Output 
Vcc = Supply Voltage 
GND = Ground 
CLK = Clock 
OE = Output Enable 
NC = No Connect 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Package Type 

D. Temperature Range 

E. Optional Processing 


AMPAL22P10 B P 


lo 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn In 







. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 
E = Extended Commercial (-55 to + 125°C) 


. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD 024) 
D = 24-Pin Ceramic DIP (CD 024) 
J = 28-Pin Plastic Leaded Chip Carrier 
(PL 028) 
L = 28-Pin Ceramic Leadless Chip Carrier 
(CL 028) 


. SPEED/POWER 
See Product Selector Guide 


A. DEVICE NUMBER/DESCRIPTION 
AMD Enhanced 24-Pin PAL Family 
24-Pin IMOX Programmable Array Logic 






Valid Combinations 


Valid Combinations 
AMPAL22P10B/A/AL 
AMPAL20RP4B/A/AL 


AMPAL20RP6B/A/AL 


AMPAL20RP8B/A/AL 
AMPAL20RP10B/A/AL_ 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 











DCB, DE, 
JC, LC, LE 
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ORDERING INFORMATION (Cont'd.) 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 
processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a 
combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Device Class 

D. Package Type 

E. Lead Finish 


AMPAL22P10 B 7B: L. A 


| LEAD FINISH 


A= Hot Solder DIP 
C = Gold 
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D. PACKAGE TYPE 
L = 24-Pin Ceramic DIP (CD 024) 
3 = 28-Pin Ceramic Leadless Chip 
Carrier (CL 028) 
K = 24-Pin Ceramic Flatpack (CF 024) 


C. DEVICE CLASS 
/B =Class B 


B. SPEED/POWER 
See Product Selector Guide 


A. DEVICE NUMBER/DESCRIPTION 
AMD Enhanced 24-Pin PAL Family 
24-Pin IMOX Programmable Array Logic 


| 






Valid Combinations 





Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 







Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, & 11 
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FUNCTIONAL DESCRIPTION 


AMD Enhanced 24-Pin PAL Family 
Characteristics . 


All members of the AMD Enhanced 24-Pin PAL Family have 
common electrical characteristics and programming proce- 
dures. All parts are produced with a fusible link at each input to 
the AND gate array, and connections may be selectively 
removed by applying appropriate voltages to the circuit. 


Initially the AND gates are connected, via fuses, to both the 
true and complement of each input. By selective programming 
of fuses the AND gates may be ''connected"' to only the true 
input (by blowing the complement fuse), to only the comple- 
ment input (by blowing the true fuse), or to neither type of input 
(by blowing both fuses) establishing a logical "don't care." 
When both the true and complement fuses are left intact a 
logical false results on the output of the AND gate, while all 
fuses blown results in a logical true state. For combinatorial 
outputs, the AND gates are connected to fixed-OR gates 
whose outputs become device outputs. For registered outputs, 
the AND gates are connected to fixed-OR gates whose 
outputs become output register inputs. 


All parts are fabricated with AMD's fast programming, highly 
reliable Platinum-Silicide Fuse technology. Utilizing an easily 
implemented programming algorithm, these products can be 
rapidly programmed to any customized pattern. Extra test 
words are pre-programmed during manufacturing to insure 
extremely high field programming yields ( > 98%), and provide 
extra test paths to achieve excellent parametric correlation. 


Power-Up Reset 


The registered devices in the AMD PAL family have been 
designed to reset during system power-up. Following power- 
up, all registers will be initialized to zero, setting all the outputs 
to a logic 1. This feature provides extra flexibility to the 
designer and is especially valuable in simplifying state ma- 
chine initialization. 
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PRELOAD 


AMD PAL devices are designed with unique PRELOAD 
circuitry that provides an easy method of testing registered 
devices for logical functionality. PRELOAD allows any arbitrary 
state value to be loaded into the registered output of an AMD 
PAL device. . 


A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. This 
requires the ability to set the state registers into an arbitrary 
"present state'’ value and to set the device inputs to any 
arbitrary ''present input'’ value. Once this is done, the state 
machine is clocked into a new state or ''next state.'' The next 
state is then checked to validate the transition from the 
present state. In this way any state transition can be checked. 


Without PRELOAD, it is difficult and in some cases impossible 
to load an arbitrary present state value. This can lead to logic 
verification sequences that are either incomplete or excessive- 
ly long. Long test sequences result when the feedback from 
the state register "'interferes'’ with the inputs, forcing the 
machine to go through many transitions before it can reach an 
arbitrary state value. Therefore the test sequence will be 
mostly state initialization and not actual testing. The test 
sequence becomes excessively long when a state must be 
reentered many times to test a wide variety of input combina- 
tions. 


in addition, complete logic verification may become impossible 
when states that need to be tested cannot be entered with 
normal state transitions. For example, even though necessary, 
the state entered when a machine powers up cannot be 
tested, because it cannot be entered from the main sequence. 
Similarly, ''forbidden'’ or don't care states that are not 
normally entered need to be tested to ensure that they return 
to the main sequence. 


PRELOAD eliminates these problems by providing the capabil- 
ity to go directly to any desired arbitrary state. Thus test 
sequences may be greatly shortened, and all possible states 
can be tested, greatly reducing test time and development 
costs, and guaranteeing proper in-system operation. 








Product Terms (0-89) 


352-395 —— 
2 


eH 


396-439 ae 


1 
748-791 AY 


>a 


792-835 ae 


en eek 


Sar 


1188-1231 ie) 


Inputs (0-43) 


0 4 8 12 16 20 24 28 32 36 40 43 


See ieee eet ear eames 
ett Saree 





en 15 Ch a GO SO RN a Re a 
zee rot) CD y pe 
oan ae ee 2 
ae | Pee pag eane GE BomGnanna maa ae 5 

1540-1583 —3s ewe ee ee eae ae + 3961 
SEERA ee Poe ee Pe y 





1684-1627 —36 eee Sone a a soon se ed 

GS es as i OO eee ee SGategd oem lamer ==sanEn oon 

go ee a a eC © 

ee Bea eg ea BER Eee ee eee 

Pe un DS lk RN GR a 0 Ee Sw a 0 a TS 
1996-1970-242 CoE 

Se eae Ee ek oro Wa pica Pea y 
4980-2023—45 SE HEH SH 5 

ee ee ee ae 


2032-2375 = 5 53 


Le 
2376-2419— 54 
55 


2728-2771 ze 


Pum 


S — 63 
2772-2815 63 
65 

66 

67 

68 

69 

70 

31 24-3167 5 71 


Pam 


3168-3211 —78 


3520- 3563 a0 


3564-3607 ae 


$3 
94 
85 


Pusan 


96 
te 
3914-3957 — a9 


ll 
Pm 


s2 4 


0 4 







Stet nttint nH SIRI 
Himcimitmissmitfmissmiiierttimiimiifesisiat 
a 


Sie StiSHin Bate easiSiie 
Heeecsatestteeesatestteemttierteccczss setieiiiets 





50 an Sa Rene Hei . 3966 


Eel enisiiianininiaiinl Por rh ; 
SAL imitimtii 1 

RRR SRR 
SRR RRR RRA Be gasaase see aupamnas 2 
EC 
sbaesetamststoeasverssrasssasssrasstraatrassstsasrs ts a ) > 
ttt ft Seeeetceetoeeres 


_a 
Pats OR ES BED Le 
oe 
Po 














@ 
® 
a 
NY 


0 24 28 32 40 43 


Figure 1. AmPAL22P10 Logic Diagram and JEDEC Fuse Numbering 
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Figure 2. AmPAL20RP4 Logic Diagram and JEDEC Fuse Numbering 
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Figure 3. AmPAL20RP6 Logic Diagram and JEDEC Fuse Numbering 
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Figure 4. AmMPAL20RP8 Logic Diagram and JEDEC Fuse Numbering 
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Figure 5. AMPAL20RP10 Logic Diagram and JEDEC Fuse Numbering 
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AMD Enhanced 24-Pin PAL* Family 


or LOW state. This feature simplifies testing since any initial 
state for the registers can be set to optimize test sequencing. 


The AMD Enhanced 24-pin PAL devices incorporate circuitry The pin levels and timing necessary to perform the PRELOAD 













PRELOAD of Registered Outputs 


to allow loading each register synchronously to either a HIGH function are detailed below: 
to tp 
PINS 2 Vitp Vite 
PIN1 Vite Vip 
Von Von 
REGISTERED N 
output Vor -_z 
“Vile Vou 





PRELOAD OUTPUT PRELOAD OUTPUT PRELOAD 


ENABLED FORCED DATA FORCING DISABLED 
OUTPUTS TO Vip CLOCKED VOLTAGE 
DISABLED ORViip IN REMOVED 


WF022294 






Level forced on registered output Register Q output state after 
pin during PRELOAD cycle cycle 
HIGH 
















Power-Up Reset operation of the power-up RESET and the wide range of ways 
Voc can rise to its steady state, two conditions are required to 

The registered devices in the AMD Enhanced 24-Pin PAL ensure a valid power-up RESET. These conditions are: 

Family have been designed with the capability to reset during 

system power-up. Following power-up, all registers will be 1. The Vcc rise must be monotonic. 

reset to LOW. The output state will be HIGH. This feature . 

provides flexibility to the designer and is especially valuable in 2. Following reset, the clock input must not be driven from 

simplifying state-machine initialization. A timing diagram and LOW to HIGH until all applicable input and feedback 


parameter table are shown below. Due to the asynchronous setup times are met. 





Vec 





REGISTERED 
OUTPUT 


WF022300 















[Parameters] Description [in [Typ.[Max.| Unite _ 


Power-Up 





eee See Switching 
Characteristics 


Clock Width 








4-158 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Commercial (C) Devices 
Storage Temperature ...... Temperature (Ta) 0 to +75°C 


Supply Voltage to Ground Potential Supply Voltage (Vcc) +4.75 to +5.25 V 
(Pin 24 to Pin 12) Continuous 


(Except During Programming) Temperature (Ta) —55°C Min. 
DC Voltage Applied to Outputs Temperature (Tc) wee Cae 

During Programming Supply Voltage (Vcc) + 4,50 to +5.50 V 
Output Current Into Outputs During Military (M) Devices* 

Programming (Max Duration of 1 sec) Temperature (Ta) —55°C Min. 
DC Input Voltage -0.5 to +5.5 V Temperature (Tc) +125°C Max. 
DC Input Current -30 to +5 mA Supply Voltage (Vcc) +450 to +5.50 V 


Stresses above those listed under ABSOLUTE MAXIMUM —-OP@rating ranges define those limits between which the 
RATINGS may cause permanent device failure. Functionality ‘functionality of the device is guaranteed. 

at or above these limits is not implied. Exposure to absolute *Military product 100% tested at Tc = +25°C, +125°C, 
maximum ratings for extended periods may affect device and —55°C. 

reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified; included in Group A, Subgroup 1, 
2, 3 tests unless otherwise noted 


Parameter Parameter Typ. | . 
Symbol Description Test Conditions (Note 1)44 
VOH 














Voc = Min., IoH =-3.2 MA COM'L 


Output HIGH Voltage 
MIL. 


Vin = Vind OF VIL lon =-2 MA 
lo. =-24 mA 
lol =-12 mA 
















Voc = Min., 
Vin = Vin, or ViL 


Guaranteed Input Logical HIGH 
Voltage for All Inputs 


Guaranteed Input Logical LOW 
Voltage for All Inputs 






Output Leakage Cy 
(Note 4) : 






Notes: 1. Typical limits 
2. These are @ 
3. Not 1 










sted at a time. Duration of the short circuit should not be more than one second. 
to"avoid test problems caused by tester ground degradation. 
ase of loz x or lix (where X =H or L). 







’ Parameter 
: Description Test Conditions Typ. 


Vin = 2.0 V Pins 1, 13 a ae 
on Input Capacitance @t=1 MH Potters Sid 
ae ee ea 


Cout Output Capacitance Vout = 2.0 V @ f=1 MHz 


“These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where capacitance 
may be affected. 


Parameter 
Symbol 
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AMD Enhanced 24-Pin PAL* Family 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified; included in Group A 
| Subgroup 9, 10, 11 tests unless otherwise noted 


| | "A" & "AL" Versions 
Parameter Parameter 2. 3 Typ. 
Description (Note 1) ey; 
input or Feedback to Non-Registered Output 
22P10, 20RP4, 20RP6, 20RP8 


COMMERCIAL RANGE 










Input to Output Enable 22P10, 20RP4, 20RP6, 








| pid Hiri 20RP4, 20RP6, 20RP8, 20RP10 2 | _ 
_.CTU aa BC 0 ER TIT 18/18 
7 DN EI eae 






Notes: 1. Typical limits are at Voc = 5.0 V and Ta = 25°C, 

2. tpp is tested with switch S; closed and C;, = 50 pF. 

3. For three-state outputs, output enable times are tested with C_ = 50 pF to the 1.5 V level; S; is open for high impedance to HIGH 
tests and closed for high impedance to LOW tests. Output disable times are tested with C, = 5 pF. HIGH to high impedance tests 
are made to an output voltage of VoH-0.5 V with S; open; LOW to high impedance tests are made to the VoL ° +0.5 V level 
with S; closed. 






MILITARY RANGE 
"AT & "AL" Versions 


Typ. 
(Note 1) 








Parameter 
Description 


, ) Input or Feedback to Non-Registered Output 
'22P10, 20RP4, 20RP6, 20RP8 





Hd ime 20RP4, 20RP6, 20RP8, 20RP10 


i eS alata ee 
[ Gook Perod (isto) ——SSSSCSCSC—~—SSC“‘~‘id | dC dr 
Glock With SSCS~SCS~SCid tere id rei 


Aa 7S CT Sl a MT 


Notes: 1. Typical limits are at Vcc = 5.0 V and Ta ™ 28°C. 
2. tpp is tested with switch S; closed and C, = 50 pF. 
3. For three-state outputs, output enable times are tested with C_ = 50 pF to the 1.5 V level; S71 is open for high impedance to 
HIGH tests and closed for high impedance to LOW tests. Output disable times are tested with C_ = 5 pF. HIGH to high 
impedance tests are made to an output voltage of VoH-0.5 V with S; open; LOW to high impedance tests are made to the 
VoL + 0.5 V level with S; closed. 
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SWITCHING TEST CIRCUIT 


Vec O 5V Ss ‘ 
C, Co Ry 
24 
C @ 
e e Ro Cr 
INPUTS e DUT | e 
e e 
e e@ 
42 OUTPUTS — 


TC00305 1 


Note: Cy and Co are to bypass Vcc to ground. 


TEST OUTPUT LOADS 
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AMD Enhanced 24-Pin PAL* Family 


SWITCHING WAVEFORMS 


eaisreneo WW) Assen | 7 ( 
REGISTERED \ a : 
a) a a SD 


@ 




























cp 
| 
OE 
be bre os 
ae 
stati [NNN IIEEIT = \\AS | 
@ Le be- 
KAAAAANY " rT) 
COMBINATORIAL XY 
[MAX V\/\ XX 
WF002571 
KEY TO TIMING DIAGRAM INPUT CIRCUITRY 
WAVEFORM INPUTS OUTPUTS 
= a = -_ 
STEADY STEADY 
MAY CHANGE WILL BE ex 
Peon. SHANG | ae al 
A 

WILL BE Ax < : 
MAY CHANGE INPUT 
FROML TOH CUARGING O . 4 

A 
DON’T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN = * = = = = 
DOES NOT cime nig = Ay 
PROGRAM/VERIFY 
Arey” peat ea 
1C000720 





KS000010 


OUTPUT CIRCUITRY 


Vec 
Vec 











OUTPUT 
OISABLE 
FROM 
SENSE 





INPUT PROGRAMMING 
TO ARRAY CURRENT PATH 
PROGRAM/VERIFY - . 
CIRCUITRY Ay 4 40 
iC000801 
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Programming and Verification 


AMD Enhanced 24-Pin PAL Family devices are programmed 
and verified using AMD's standard programmable logic algo- 
rithm. The fuse to La programmed is selected by input line 
number (array row), product term (array column), and by 
output (one at a time). The fuse is then programmed and 
verified by applying a simple sequence of voltages to two 
control pins (1 and 13). 


Input line numbers are addressed using a full decode scheme 
via TTL levels on pins 6-11 where 6 is the LSB and 11 is the 
MSB. Even-numbered input lines represent the true version of 
a signal and odd-numbered lines represent the complement. 
Input line addressing is shown in Table 1. Note that input line 
63 is utilized for selecting the fuses used for programming 
output polarity. 


Product terms are addressed using a 1-of-16 addressing 
scheme on pins 2-5 where pin 2 is the LSB and 5 is the MSB. 
Product term addressing is shown in Table 2. Logical and 
architectural product terms are selected via TTL levels on the 
four addressing pins. 


Fuse selection by output must be done one output at a time 
(following control pin 1 going to VHH), as shown in the 
programming timing diagram. 


Once fuses have been selected, the simple programming and 
verification sequence may be completed as shown in the 
programming timing diagram. AC and DC requirements for 
programming are shown in the programming parameter table. 


PROGRAMMING PARAMETERS Ta = 25°C 


Parameter Parameter 
Symbol Description 


Pin 1 @ 5-10 mA 
Pin 13 @ 5-10 mA 


VHH Contro! Pin Extra High Level 


Oo 


OES Mlafala : 
hit Bs Oo 


Vop Program Voltage Pins 14-23 @ 15-200 mA 
VIHP Input HIGH Level During Programming and Verify 
VILP Input LOW Level During Programming and Verify 


Voc During Programming @ Ico = 50-275 mA 


Successful Blown Fuse Sense Level @ Output 


Vop/dt Rate of Output Voltage Change 
Fusing Time First Attempt 
fe Subsequent Attempts 
Delays Between Various Level Changes 
tv 


Rate of Fusing Enable Voltage Change (Pin 13 Rising Edge) 100 


Period During which Output is Sensed for Vpiown Level 
Pull-Up Voltage On Outputs Not Being Programmed 


fR | Pull-Up Resistor On Outputs Not Being Programmed 


Vcc During First Pass Verification @ Icc = 50-275 mA 
Vcc During Second Pass Verification @ Ico = 50-275 mA 





b 
© ro) 


Security Fuse Programming 


A single fuse is provided on each device to prevent unautho- 
rized copying of PAL fuse patterns. Once blown, the circuitry 
enabling fuse verification and registered output PRELOAD is 
permanently disabled. 


Programming of the security fuse is the same as an array fuse. 
Verification of a blown security fuse is accomplished by 
verifying the whole fuse array as if every fuse is blown. 


Programming Yield 


AMD PAL devices have been designed to ensure extremely 
high programming yields ( > 98%). To help ensure that a part 
was correctly programmed, once programming is completed, 
the entire fuse array should be verified at both LOW and HIGH 
Voc. Reverification can be accomplished by reading all ten 
outputs in parallel rather than one at a time. This verification 
cycle checks that the array fuses have been blown and can be 
sensed by the outputs under varying conditions. 


AMD PAL devices contain many internal test features, includ- 
ing circuitry and extra fuses which allow AMD to test the ability 
of each part to perform programming before shipping, to 
assure high programming yields and correct logical operation 
for a correctly programmed part. Programming yield losses are 
most likely due to poor programming socket contact, program- 
ming equipment out of calibration, or improper usage of said 
equipment. 
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Design Aid Software for AMD Enhanced 24-Pin PAL Family 


[Name [vendor | versione [Notes 


Data 1/0 IBM PC 


VAX/VMS 
(206) 881-6444  VAX/UNIX 


IBM PC 































P-CAD Systems VAX/VMS 
(408) 971-1300 VAX/UNIX 
CPM 80/86 





Advanced Micro Devices Supported by 
AmCUPL (408) 732-2400 EuEES P-CAD Systems 
AMD Qualified Programmers 


Programmer 
Name Model(s) AMD PAL Personality Module Socket Adapter 


Data I/O Systems 19, 29 950-1942-0044 303A-011A 
10525 Willow Road N.E. 
Redmond, WA 93052 Under Development 


Stag Microsystems Mode! PPZ Under Development 
On Board 
ZL30 Under Development 


528-5 Weddell Drive 

























Sunnyvale, CA 94086 


Valley Data Sciences 
2426 Charleston Road 
Mountain View, CA 94043 

















160 Series Under Development 








PROGRAMMING TIMING DIAGRAM 
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AMD Enhanced 24-Pin PAL* Family 


TABLE 1. INPUT ADDRESSING 


Input Line Number 
Address Pin States 





ee a ee re ee ee ee ee ee ee ee ae De ee ee ee ee ee ee ee ee ee ee ie ee ee ee ee ee ee ee 


sae Dee Die ages eee a eee AED See ee ee SR Se ee Rs ee ee Ge ee Se ee ee Ge ee ee ee es Ce Pee Dees ee ee ee en ee ee et RO 
aAoaitdd dod JIA TTT TrTTrTTrT Tr TH Sy Id HHI I ITT TTT TT THIS yess sw IT rT TT 
ad oo edt ddd Hdd HHH SHYT T TTT Tt TTT tT TTT TT HY I I 


aod dtonddtidttitnt ss d stds sds HI II III IIS SIT OTE OTT TTT ITLL ITLL 
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ree 





* Used for AMPAL22P10 only 
** Used for programming polarity 


L=ViLp 
H = Vip 
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TABLE 2-1. PRODUCT TERM ADDRESSING (AmPAL22P 10) 








Product Term Select a 
Address Pin | Programming Access and Verify Pin 










VILP 


VIHP 
Output Enable 


Polarity 
Security Fuse 


TABLE 2-2. PRODUCT TERM ADDRESSING (AmPAL20RP4) 





O 
m 
Hae aon R 










Product Term Select 
Address Pin 








Programming Access and Verify Pin 


aia aa au ea a 
Salta baba ola 
etal 
hele lle] fe le =|] 





VILP 


VIHP 
Output Enable 


Polarity 
Security Fuse 
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TABLE 2-3. PRODUCT TERM ADDRESSING (AmPAL20RP6) 


Product Term Select 
Address Pin Programming Access and Verify Pin 





Ajwey .1Wd Uld-p2 peoueyug GWV 





VILP Logical/Architectural Product Term Line Number 


VIHP 
Output Enable 


Polarity 
Security Fuse 


TABLE 2-4. PRODUCT TERM ADDRESSING (AmPAL20RP8) 


Product Term Select 
Address Pin Programming Access and Verify Pin 
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bal ok 
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VILP Logical/Architectural Product Term Line Number 


VIHP 
Output Enable 


Polarity 
Security Fuse 
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TABLE 2-5. PRODUCT TERM ADDRESSING (AMPAL20RP10) 





Product Term Select 
Address Pin 











Programming Access and Verify Pin 
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VILP 


VIHP 
Output Enable 


Polarity 
Security Fuse 
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24-Pin IMOX™ Programmable Array Logic (PAL) Elements 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


AND-OR-XOR logic structure Post Programming Functional Yield (PPFY) of 99.9% 
AMD's superior IMOX technology PRELOAD feature permits full logical verification 
~ Guarantees tpp = 20 ns max Reliability assured through more than 70 billion fuse 


Individually programmable output polarity on each out- hours of life testing with no failures 

put Full AC and DC parametric testing at the factory through 
Eight logical product terms per output on-board testing circuitry 

Programming yields > 98% are realized via platinum- > 3000V ESD input protection per pin 

silicide fuse technology and the use of added test words JEDEC-Standard LCC and PLCC pinout 





GENERAL DESCRIPTION 


AMD 24-pin XOR PAL devices are high-speed, electrically Five different devices are available, including both regis- 
programmable array logic elements. They utilize the familiar tered and combinatorial devices. All devices have user- 
sum-of-products (AND-OR-XOR) structure allowing users programmable output polarity on all outputs. A variety of 
to program custom logic functions to fit most applications speed options allow the designer maximum flexibility in 
precisely. Typically they are a replacement for low-power matching precise system requirements. The Product Selec- 


Schottky SSI/MSI logic circuits that require an exclusive- tor Guide below shows the available speed options. The 
OR function, reducing chip count by more than 5 to 1 and second table gives details about the functionality of the five 
greatly simplifying prototyping and board layout. available devices. 


Please see the following pages for Block Diagrams. 


PRODUCT SELECTOR GUIDE 






AMD PAL Speed/Power Families 


tpp tco Icc loL 
ns (Max.) ns (Max.) | mA (Max.) | mA (Min.) 
210 
180 


C Devices |M Devices| C Devices | M Devices C/M Devices 
Very High-Speed 
(-20 & -25) Versions 20 25 25 13 15 24 | t2 
High-Speed | 
High-Speed, 
pak ai 30 35 30 35 15 25 24 2 | 
Versions 
SSE vou 
Half-Power | 
(-40L & -45L) 40 45 40 45 30 24 12 
Versions _ 


Part Array Output Package 
22xP10 | 16 Beta Ten (2-6)-Wide AND-OR-XOR | Programmable | Bidirectional/Programmable 
10 Dedicated, Four (2-6)-Wide AND-OR-XOR_ | Dedicated Registered/Programmable 
20XRP4 4 Feedback, 24 
6 Bidirectional Six 8-Wide AND-OR Programmable Bidirectional/Programmable 
10 Dedicated, Six (2-6)-Wide AND-OR-XOR Dedicated Registered/Programmable 
20XRP6 6 Feedback, 1 24 





















4 Bidirectional Four 8-Wide AND-OR Programmable Bidirectional/Programmable 
Eight (2-6)-Wide AND-OR-XOR | Dedicated Registered/Programmable 

8 Feedback, 

2 Bidirectional Two 8-Wide AND-OR Programmable Bidirectional/Programmable 


0 Dedicated, 
20XRP10 ic oe Ten (2-6)-Wide AND-OR-XOR 


10 Dedicated, 













20XRP8 


Registered/Programmable 


iMOX is a trademark of Advanced Micro Devices, Inc. - Publication # Rev. -Amendment 
*PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 08655 A /0 
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AMD 24-Pin XOR PAL* Family 


BLOCK DIAGRAMS 
AmPAL22XP10 
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Pu3  INPUT/ 
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[> output 
Cc > OUTPUT 
PQ INPUT/ 
OUTPUT 
ps] INPUT/ 
OUTPUT 
p93  OINPUT/ 
OUTPUT 
cp C3 
LD000940 


*PAL is a registered trademark of and is used under license from Monolithic Memories, inc. 
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BLOCK DIAGRAMS (Cont'd.) 
AmPAL20XRP6 
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AMD 24-Pin XOR PAL* Family 


BLOCK DIAGRAMS (Cont'd.) 
AmPAL20XRP10 


oF Cu 
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CONNECTION DIAGRAMS 
Top View 


DIPs* Lcc** 


_&¢g 8 
_| |_| 
2 












(NOTE 1)([]1 24 {] Voc 
iL J2 23 [_] (NOTE 12) 
IL} 3 22 [_] (NOTE 11) 
iL} 4 21 |_| (NOTE 10) | TC (NOTE 9) 
iCls 20 [7] (NOTE 9) my (NOTE 8) 
ILj6 19 [_} (NOTE 8) 
iL] 7 18 |_| (NOTE 7) 
iL]8 17 |_} (NOTE 6) 
ILJ9 16 |_j (NOTE 5) | L_{ (NOTE 6) 
1[-} 10 15 |_| (NOTE 4) rT (NOTE 5) 


| { (NOTE 12) 
| € (NOTE 11) 






Np 


| {€ (NOTE 10) 


tLj 1 14 L_] (NOTE 3) = Toc 
@Np [1] 12 13 [-] (NOTE 2) 6 gp eee 
CD010250 = 5 5 5 


CD010260 


Note: Pin 1 is marked for orientation. 





*Also available in 24-Pin Ceramic Flatpack. Pinouts identical to DIPs. 
**Also available in 28-Pin Plastic Leaded Chip Carrier. Pinouts identical to LCC. 


PIN DESIGNATIONS 


| = Input 
1/O = Input/Output 
O = Output 
Vcc = Supply Voltage 
GND = Ground 
CLK = Clock 
OE = Output Enable 
NC = No Connect 
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AMD 24-Pin XOR PAL* Family 


ORDERING INFORMATION 


XS 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number | 

B. Speed Option (if applicable) 

C. Package Type 

D. Temperature Range 

E. Optional Processing 


AMPAL22XP10 -2 


See nel 


0 pias & ws 
E. OPTIONAL PROCESSING 
Blank = Standard processing 
B=Burn In» 
D. TEMPERATURE RANGE 


C = Commercial (0 to + 75°C) 
E = Extended Commercial (-55 to + 125°C) 


: 


C. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD 024) 
D = 24-Pin Ceramic DIP (CD 024) 
J = 28-Pin Plastic Leaded Chip Carrier 
(PL 028) 
L = 28-Pin Ceramic Leadiess Chip Carrier 
(CL 028) 


B. SPEED/POWER 
See Product Selector Guide 


A. DEVICE NUMBER/DESCRIPTION 
AMD 24-Pin XOR PAL Family 
24-Pin IMOX Programmable Array Logic 









Valid Combinations 


| 


Valid Combinations list configurations planned to .be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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ORDERING INFORMATION (Cont'd.) 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 
processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a 
combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Device Class 

D. Package Type 

E. Lead Finish 


AMPAL22XP10 —25 /B L 
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A 
ee LEAD FINISH 


A=Hot Solder DIP 
C = Gold 


D. PACKAGE TYPE 
L = 24-Pin Ceramic DIP (CD 024) 
3 = 28-Pin Ceramic Leadiess Chip 
Carrier (CL 028) 
K = 24-Pin Ceramic Flatpack (CF 024) 


C. DEVICE CLASS 
/B =Class B 


B. SPEED/POWER 
See Product Selector Guide 


A. DEVICE NUMBER/DESCRIPTION 
AMD 24-Pin XOR PAL Family 
24-Pin IMOX Programmable Array Logic 


AMPAL20XRP4-25/-35/-35L/-45/-45L 






Valid Combinations 






Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, & 11 
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FUNCTIONAL DESCRIPTION 
AMD 24-Pin XOR PAL Family Characteristics 


All members of the AMD 24-Pin XOR PAL Family have 
common electrical characteristics and programming proce- 
dures. All parts are produced with a fusible link at each input to 
the AND gate array, and connections may be selectively 
removed by applying appropriate voltages to the circuit. 


Initially the AND gates are connected, via fuses, to both the 
true and complement of each input. By selective programming 
of fuses the AND gates may be ''connected" to only the true 
input (by blowing the complement fuse), to only the comple- 
ment input (by blowing the true fuse), or to neither type of input 
(by blowing both fuses) establishing a logical ''don't care." 
When both the true and complement fuses are left intact a 
logical false results on the output of the AND gate, while all 
fuses blown results in a logical true state. On the 
AmPAL22XP10 device, the AND gates are connected to fixed 
(2-6) OR-XOR structures whose outputs become device 
outputs. The remaining four (registered) devices function as 
follows: for combinatorial outputs, the AND gates are connect- 
ed to fixed-OR gates whose outputs become device outputs. 
For registered outputs, the AND gates are connected to fixed 
(2-6) OR-XOR structures whose outputs become output regis- 
ter inputs. 


All parts are fabricated with AMD's fast programming, highly 
reliable Platinum-Silicide Fuse technology. Utilizing an easily 
implemented programming algorithm, these products can be 
rapidly programmed to any customized pattern. Extra test 
words are pre-programmed during manufacturing to insure 


extremely high field programming yields ( > 98%), and provide | 


extra test paths to achieve excellent parametric correlation. 
Power-Up Reset 


The registered devices in the AMD PAL family have been 
designed to reset during system power-up. Following power- 
up, all registers will be initialized to zero, setting all the outputs 
to a logic 1. This feature provides extra flexibility to the 
designer and is especially valuable in simplifying state ma- 
Chine initialization. 


PRELOAD 


AMD PAL devices are designed with unique PRELOAD 
circuitry that provides an easy method of testing registered 
devices for logical functionality. PRELOAD allows any arbitrary 
state value to be loaded into the registered output of an AMD 
PAL device. 


A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. This 
requires the ability to set the state registers into an arbitrary 
"present state’’ value and to set the device inputs to any 
arbitrary ''present input'' value. Once this is done, the state 
machine is clocked into a new state or ''next state.'' The next 
state is then checked to validate the transition from the 
present state. In this way any state transition can be checked. 


Without PRELOAD, it is difficult and in some cases impossible 
to load an arbitrary present state value. This can lead to logic 
verification sequences that are either incomplete or excessive- 
ly long. Long test sequences result when the feedback from 
the state register ''interferes'' with the inputs, forcing the 
machine to go through many transitions before it can reach an 
arbitrary state value. Therefore the test sequence wiil be 
mostly state initialization and not actual testing. The test 
sequence becomes excessively long when a state must be 
reentered many times to test a wide variety of input combina- 
tions. 


In addition, complete logic verification may become impossible 
when states that need to be tested cannot be entered with 
normal state transitions. For example, even though necessary, 
the state entered when a machine powers up cannot be 
tested, because it cannot be entered from the main sequence. 
Similarly, ''forbidden'’ or don't care states that are not 
normally entered need to be tested to ensure that they return 
to the main sequence. 


PRELOAD eliminates these problems by providing the capabil- 
ity to go directly to any desired arbitrary state. Thus test 
sequences may be greatly shortened, and all possible states 
can be tested, greatly reducing test time and development 
costs, and guaranteeing proper in-system operation. 
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Figure 1. AmPAL22XP10 Logic Diagram and JEDEC Fuse Numbering 
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Figure 2. AmPAL20XRP4 Logic Diagram and JEDEC Fuse Numbering 
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Figure 3. AMPAL20XRP6 Logic Diagram and JEDEC Fuse Numbering 


4-179 







LDO00890 


23 


22 


21 


20 


18 


17 


16 


15 


14 


13 


Ajiwey .Wd YOX Uld--2 GNV 





AMD 24-Pin XOR PAL* Family 


Product Terms (0-81) 
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Figure 4. AmPAL20XRP8 Logic Diagram and JEDEC Fuse Numbering 
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Figure 5. AmPAL20XRP10 Logic Diagram and JEDEC Fuse Numbering 
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AMD 24-Pin XOR PAL* Family 


PRELOAD of Registered Outputs 


The AMD 24-pin XOR PAL devices incorporate circuitry to 
allow loading each register synchronously to either a HIGH or 


) 'b 


PINS 2 Vip 


PIN1 Vite 


Vitp 


> 


output Vor 
Vitp 
PRELOAD OUTPUT PRELOAD 
ENABLED FORCED DATA 
OUTPUTS TO Vip CLOCKED 
DISABLED OR Vip IN 






Power-Up Reset 


The registered devices in the AMD 24-Pin XOR PAL Family 
have been designed with the capability to reset during system 
power-up. Following power-up, all registers will be reset to 
LOW. The output state will be HIGH. This feature provides 
flexibility to the designer and is especially valuable in simplify- 
ing state-machine initialization. A timing diagram and parame- 
ter table are shown below. Due to the asynchronous operation 


REGISTERED 
OUTPUT 


Level forced on registered output Register Q output state after 
pin during PRELOAD cycle cycle 


LOW state. This feature simplifies testing since any initial state 
for the registers can be set to optimize test sequencing. 


The pin levels and timing necessary to perform the PRELOAD 
function are detailed below: 


to tp 


Vitp 


~ Vou 
OUTPUT PRELOAD 
FORCING | DISABLED 
VOLTAGE 
REMOVED 
WF022294 






LOW 





of the power-up RESET and the wide range of ways Voc can 
rise to its steady state, two conditions are required to ensure a 
valid power-up RESET. These conditions are: 


1. The Voc rise must be monotonic. 


2. Following reset, the clock input must not be driven from 
LOW to HIGH until all applicable input and feedback 
setup times are met. 


Voc 


WF022300 


[Parametere| Description [win [Typ [Max | Unite 


Power-Up 
See Switching 
Characteristics 


Input or Feedback 
Setup Time 


Clock Width 


ts 
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: > 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGES = 
Commercial (C) Devices ND 

Storage Temperature ..............c.cceceeeee ees -65 to + 150°C Temperature (TA)...ccccccccccceessrsceceeeeeeceees 0 to +75°C ~ 
Supply Voltage to Ground Potential Supply Voltage (VCC) .......cececeeeeeees +4.75 to +5.25 V aS 
(Pin 24 to Pin 12) Continuous ............. -0.5 to +7.0 V ba 
DC Voltage Applied to Outputs Extended Commercial (E) Devices ~ 
(Except During Programming)....... -0.5 V to +Vcoc Max. Temperature (TAp)..........cccceceeecee eens eeeeeees -55°C Min. Oo 
DC Voltage Applied to Outputs Temperature (TC)..........cceceeeeesceeeeeeneens +125°C Max. wv 
During Programming ..............0cccecceeeeeeeceeeeeeeeees 16 V Supply Voltage (VCC) «...--::s.seeeeeeees +4.50 to +5.50 V a") 
Output Current Into Outputs During Military (M) Devices* = 
Programming (Max Duration of 1 sec)............. 200 mA Temperature (Tp)........scccesececceccecceseusenee ~55°C Min. * 
DC Input Voltage ............-:.ceeeeeeeeeeee ees -0.5 to +5.5 V Temperature (TC)........cccccseeceseeeseueeeeees +125°C Max. | 7 
DC Input Current ................ecee sees scene eens -30 to +5 mA Supply Voltage (VCC) .......seeceseeeeeee +450 to +5.50 V 5 
Operating ranges define those limits between which the | < 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


functionality of the device is guaranteed. 


*Military product 100% tested at To = + 25°C, +125°C, 
and -55°C. 


DC CHARACTERISTICS over operating range unless otherwise specified; included in Group A, Subgroup 1, 
2, 3 tests unless otherwise noted 









Parameter Parameter | 
Symbol Description Test Conditions . 
tput HIGH Volt 
VOH Ours ane VIN = Vin, or VIL lon =-2 mA MIL 
VoL Output LOW Voltage Vcc = Min., 


Vin = Vin or Vit 





Guaranteed Input Logical HIGH 
Voltage for All Inputs 


Guaranteed Input Logical LOW 
Voltage for All Inputs 


Voc = Max., lin = 0.40 V 








: ee 2) input HIGH Level 
ee 2) Input LOW Level 


NL Input LOW Current 
IH Input HIGH Current 
I Input HIGH Current 












Voc = Max., Vin = 


















: 

Icc Power Supply Current tay yy 

‘ e 73h, 
‘ i) uM Ke 

loZH LAN rk 





Output Leakagat oe 
loz | (Note 4) 
Notes: 1. Typical limitgilife’'a Ne a 


i LT +) = ° 


; RAUAS WINKKeRpECt to device ground and all overshoots due to system or tester noise are included. 
ane, the i) Biehl s Ua "be tested at a time. Duration of the short circuit should not be more than one second. 
Ym hel Woon a 
10" pin Weohage 


otuRen to avoid test problems caused by tester ground degradation. 
X | y, worst case of lozx or Ix (where X =H or L). 
i, 
CAPACI ‘ i i 


7), 


Parameter || \ Parameter 
Symbol Description Test Conditions Typ. 
VIN = 2.6 V Pins 1, 13 
Input C t 
@ 1=1 Mi Dotes «dT er 
Cout 


Output Capacitance VouT = 2.0 V @ f=1 MHz aoe | 


“These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where capacitance 
may be affected. 
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AMD 24-Pin XOR PAL* Family 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified; included in Group A 
_ | Subgroup 9, 10, 11 tests unless otherwise noted 
COMMERCIAL RANGE a 








-30 & -30L 
-~20 Version Version 


Parameter Parameter | Typ. Typ. 
Symbol Description (Note 1) (Note 1) 
input or Feedback to Non-Registered 
Output 22XP10, 20XRP4, 20XRP6, 
20XRP8 
Input to Output Enable 2OXxP10, 20XRP4, 
20XRP6, 20XRP8 ; 
Input to Output Disable 22XP10, 20XRP4, ie 
20XRP6, 20XRP8 
t Pin 13 to Output Enable 20XRP4, 
P2X 20XRP6, 20XRP8, 20XRP10 
t Pin 13 to Output Disable 20XRP4, 
PXZ 20XRP6, 20XRP8, 20XRP10 
Clock to Output 20XRP4, 20XRP6, 
20XRP8, 20XRP10 
Input or Feedback Setup Time 20XRP4, 
20XRP6, 20XRP8, 20XRP10 
Hold Time 20XRP4, 20XRP6, 20XRP8, 
20XRP10 


-40 & -40L 
Versions 






















ns 


Clock Period (ts + tco) 


- Clock Width 


Maximum Frequency . 


Notes: 1. Typical limits are at Vcc = 5.0 V and Ta = 25°C. 
2. tpp is tested with switch S; closed and C, = 50 pF. 
3. For three-state outputs, output enable times are tested 
tests and closed for high impedance to LOW tests. Outpt 
are made to an output voltage of Voy - 0.5 V wi 
with S1 closed. 


— 
So 


: ested with CL 5 pF. HIGH to high impedance tests 
npedance tests are made to the Vo, + 0.5 V level 


MILITARY RANGE 





-35 & -35L -45 & -45L 
-25 Version Version Versions 


Typ. Typ. Typ. 
(Note 1) (Note 1) (Note 1) 
pe bce ea | ee 





Parameter 


Output Disable 20XRP4, 
RP8, 20XRP10 


Clock to Output 20XRP4, 20XRP6, 
20XRP8, 20XRP10. 


Input or Feedback Setup Time 20XRP4, 
OXRP6, 20XRP8, 20XRP10 


Hold Time 20XRP4, 20XRP6, 20XRP8, 
20XRP10 


—— Clock Period (tg + tco) 
two Clock Width 


Maximum Frequency 












ak 
(oe) “J a. —_ 


Notes: 1. Typical limits are at Voc = 5.0 V and Ta = 25°C. 
2. tpp is tested with switch S; closed and C;, = 50 pF. 
3. For three-state outputs, output enable times are tested with C, = 50 pF to the 1.5 V level; S; is open for high impedance to 
HIGH tests and closed for high impedance to LOW tests. Output disable times are tested with C_ = 5 pF. HIGH to high 


impedance tests are made to an output voltage of VoH-—90.5 V with S; open; LOW to high impedance tests are made to the 
VoL + 0.5 V level with Sj closed. 
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SWITCHING TEST CIRCUIT 


Vec ¢ 5V S, 
Cy Co Ry 
24 
e e 
- e@ @ Ro CL 

INPUTS e DUT & 
e 
@ ® 

12 OUTPUTS 


TC003051 


Note: C; and Co are to bypass Vcc to ground. 






[Pin Name | Commercia) [itary 
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AMD 24-Pin XOR PAL* Family 


SWITCHING WAVEFORMS 
INPUTS, I/O, V4 MAAAAAAAAAAAAAAAL 
REGISTERED XXAKKAAAAAAAA A 
reeveack YY) ae KOHN 
@ 


cP 









o~ L-@ 


eae 
OUTPUTS: AYXXXXXXXX) (JIT TI VV \ \ : 


COMBINATORIAL 
OUTPUTS: 





WF002571 


KEY TO TIMING DIAGRAM INPUT CIRCUITRY 


WAVEFORM INPUTS OUTPUTS 
cc 


V, 
MUST BE WILL BE 
STEADY STEADY 
@ 


MAY CHANGE CHARGING 
FROMH TOL 
FROMH TOL v, 
WILL BE Ax N 
MAY CHANGE INPUT 
FROML TOH CHANGING 0 oo 





FROML TOH 
‘ f\ 
DON’T CARE: CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN = * = = = = 
CENTER 3 as ra 
DOES NOT LINE IS HIGH x 
PROGRAM/VERIFY 
IMPEDANCE 
gia “OFF” STATE CIRCUITRY 
iC000720 
KS000010 
OUTPUT CIRCUITRY 
Voc 
Vec 





OUTPUT 
DISABLE 
FROM 
SENSE 





INPUT PROGRAMMING 
TO ARRAY CURRENT PATH 
PROGRAM/VERIFY <= 
CIRCUITRY Ay 1 40 4 
1C000801 
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Programming and Verification 


AMD 24-Pin XOR PAL Family devices are programmed and 
verified using AMD's standard programmable logic algorithm. 
The fuse to be programmed is selected by input line number 
(array row), product term (array column), and by output (one at 
a time). The fuse is then programmed and verified by applying 
a simple sequence of voltages to two control pins (1 and 13). 


Input line numbers are addressed using a full decode scheme 
via TTL levels on pins 6-11 where 6 is the LSB and 11 is the 
MSB. Even-numbered input lines represent the true version of 
a signal and odd-numbered lines represent the complement. 
Input line addressing is shown in Table 1. Note that input line 
63 is utilized for selecting the fuses used for programming 
output polarity. 


Product terms are addressed using a 1-of-16 addressing 
scheme on pins 2-5 where pin 2 is the LSB and 5 is the MSB. 
Product term addressing is shown in Table 2. Logical and 
architectural product terms are selected via TTL levels on the 
four addressing pins. 


Fuse selection by output must be done one output at a time 
(following control pin 1 going to VyH), as shown in the 
programming timing diagram. 


Once fuses have been selected, the simple programming and 
verification sequence may be completed as shown in the 
programming timing diagram. AC and DC requirements for 
programming are shown in the programming parameter table. 


PROGRAMMING PARAMETERS Ta = 25°C 


Security Fuse Programming 


A single fuse is provided on each device to prevent unautho- 
rized copying of PAL fuse patterns. Once blown, the circuitry 
enabling fuse verification and registered output PRELOAD is 
permanently disabled. 


Programming of the security fuse is the same as an array fuse. 
Verification of a blown security fuse is accomplished by 
verifying the whole fuse array as if every fuse is blown. 


Programming Yield 


AMD PAL devices have been designed to ensure extremely 
high programming yields ( > 98%). To help ensure that a part 
was correctly programmed, once programming is completed, 
the entire fuse array should be verified at both LOW and HIGH 
Voc. Reverification can be accomplished by reading all ten 
outputs in parallel rather than one at a time. This verification 
cycle checks that the array fuses have been blown and can be 
sensed by the outputs under varying conditions. 


AMD PAL devices contain many internal test features, includ- 
ing circuitry and extra fuses which allow AMD to test the ability 
of each part to perform programming before shipping, to 
assure high programming yields and correct logical operation 
for a correctly programmed part. Programming yield losses are 
most likely due to poor programming socket contact, program- 
ming equipment out of calibration, or improper usage of said 
equipment. 
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Symbol cbs cl 
EC a eG 
VHH Controi Pin Extra High Level 
a ro 
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AMD 24-Pin XOR PAL* Family 


Design Aid Software for AMD 24-Pin XOR PAL Family 


Data !/O IBM PC 


VAX/VMS 
(206) 881-6444 VAX/UNIX 


IBM PC 




























CUPL P-CAD Systems ~ VAX/VMS - 
(408) 971-1300 VAX/UNIX 
) CPM 80/86 


Advanced Micro Devices 7 Supported by 
Pile (408) 732-2400 bea P.CAD Systems 
AMD Qualified Programmers 


Programmer 
poomancyes AMD PAL Personality Module Socket Adapter 


Data I/O | Systems 19, 29 | 19, 29 950-1942-0044 303A-011A 
10525 Willow Road N. a 


Stag Microsystems Model PPZ _ Under Development 
528-5 Weddeil Drive : On Board 
ZL30 Under Development 


Sunnyvale, CA 94086 
160 Series 


Valley Data Sciences 
PROGRAMMING TIMING DIAGRAM 







































2426 Charleston Road 
Mountain View, CA 94043 


Under Development 
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AMD 24-Pin XOR PAL* Family 


INPUT ADDRESSING 
Input Line Number 
Address Pin States 


TABLE 1. 





i ee ie SR hs mS tes ma! Aber RSE! Fes tg el ee ls eae em ve 
TFrHist TTHystTrTrTsH4satTrT44s4t 
sin fee ee wh op ye Ap gh 
Ree ree ee 


TIrTTT TT Assy ys a Ao 


SH4oidsdtsd44d4ttrTrrtrrirircriricie 





* Used for AmPAL22XP10 only 
** Used for programming polarity 


L=VILP 


H 


VIHP 
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AMD 24-Pin XOR PAL* Family 
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TABLE 2-1. PRODUCT TERM ADDRESSING (AmPAL22XP10) | 


Product Term Select 
Address Pin Programming Access and Verify Pin 


= ViLP 
= VIHP 
Output Enable 


= Polarity 
= Security Fuse 


TABLE 2-2. PRODUCT TERM ADDRESSING (AmPAL20XRP4) 


Product Term Select 
Address Pin Programming Access and Verify Pin 


ps [a |s | 2 
GC a A 
ee eT 
Cece 

eC ce 


VIHP 
Output Enable 


Polarity 
Security Fuse 
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PP 
Cela lbw le 
Aree 
Bee elles 


Product Term Select 
Address Pin 


TABLE 2-3. 








VIHP 
Output Enable 


Polarity 
Security Fuse 








PRODUCT 


Programming Access and 


Logical/Architectural Product Term Line Number 


Verify Pin 


TERM ADDRESSING (AmPAL20XRP6) 





TABLE 2-4. PRODUCT TERM ADDRESSING (AmPAL20XRP8) 


Product Term Select 
Address Pin 


Ea Gata Ct 
Gla tooo ln 
Sel ll 
bl il ll a 


VILP 


ViHP 
Output Enable 


Polarity 
Security Fuse 


Logical/Architectural Product Term 
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Programming Access and Verify Pin 





Line Number 





Ayjwedy .1Wd YOX Uld-b2 GINV 








Product Term Select 
Address Pin 
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Logical/Architectural Product Term Line Number 


Output Enable 
Polarity 
Security Fuse 
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AmPAL*HC29M16/AmPALHCT29M16 


24-Pin E*-Based CMOS Programmable Array Logic 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


High-performance semi-custom logic replacement; 
Electrically Erasable (E*) technology allows repro- 
grammability 

16 bidirectional user-programmable I/O logic macro- 
cells for Combinatorial/Registered/Latched operation 
Output Enable controlled by a pin or product terms 
Variable product term distribution for increased design 
flexibility 

Programmable clock selection with two clocks/latch 
enables (LEs) and LOW/HIGH clock/LE polarity 


@ Register/Latch PRELOAD permits full logical verifica- 
tion 

@ Available in high-speed (tpp = 35 ns, fyax = 20 MHz) 
and standard-speed (tpp = 45 ns, fyax = 15.0 MHz) 
versions 
100% post-programming functional yield (PPFY), fast 
programming and excellent reliability assured through 
proven E?PROM technology 
Full-function AC and DC testing at the factory 
CMOS and TTL-compatible versions 
24-pin 300-mil DIP and 28-pin chip carrier packages 


GENERAL DESCRIPTION 


The AmPAL29M16 is a high-speed, E2-based CMOS Pro- 
grammable Array Logic device designed for general logic 
replacement in TTL or CMOS digital systems. It offers high- 
speed, low-power consumption, high programming yield, 
fast programming and excellent reliability. Programmable 
logic devices (PLDs) combine the flexibility of custom logic 
with the off-the-shelf availability of standard products, 
providing major advantages over other semicustom solu- 
tions such as gate arrays and standard cells, including 
reduced development time and low up-front development 
cost. 


The AmPAL29M16 uses the familar sum-of-products (AND- 
OR) structure, allowing users to customize logic functions 


by programming the device for specific applications. It 
provides up to twenty-nine array inputs and sixteen outputs. 
It incorporates AMD's unique input/output logic macrocell 
which provides flexible input/output structure and polarity, 
flexible feedback selection, multiple Output Enable choices, 
and a programmable clocking scheme. The macrocells can 
be individually programmed as ''Combinatorial'', ''Regis- 
tered'', or ''Latched"’ with active-HIGH or active-LOW 
polarity. The flexibility of the logic macrocells permits the 


* PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 
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system designer to tailor the device to particular application 
requirements. 


Increased logic power has been built into the 
AmPAL29M16 by providing a variable number of logical 
product terms per output. Eight outputs have eight product 
terms each, four outputs have twelve product terms each, 
and the other four outputs have sixteen product terms 
each. This variable product-term distribution allows com- 
plex functions to be implemented in a single PAL device. 
Each output can be dynamically controlled by an Output 
Enable pin or Output Enable product terms. Each output 
can also be permanently enabled or diasabled. 


System operation has been enhanced by the addition of 
common asynchronous-PRESET and RESET product 
terms and a power-up RESET feature. The AmPAL29M16 
also incorporates PRELOAD and Observability functions 
which permit full logical verification of the design. 


The AmPAL29M16 is compatible with HCT (High-perfor- 
mance CMOS & TTL) and HC (High-performance CMOS) 
logic levels and is offered in the space-saving 300-mil DIP 
package as well as chip carrier surface-mount packages. 
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PIN DESCRIPTION | 
The following describes the functionality of all the pins on the Ig-lo (PINS 2,14,23): 
24-pin DIP. The 28-pin chip carrier has the same functionality | Dedicated input pins. 
with NO CONNECTS on pins 1,8,15,22. a 
CLK/LE (PIN 1): 1/OF9-I/OF7 (PINS 3,4,9,10,15,16,21,22): 
Used as dedicated clock/latch enable pin for all registers/ Eight bidirectional 1/0 pins with two independent feedback 
latches on the device if so selected. (See I/O Logic paths to the AND array. The first feedback path is a 


Macroceil Configurations.) This pin is a clock pin for dedicated I/O pin feedback to the AND array for 


macrocells configured as registers and a latch enable pin for combinatorial input. The second feedback path consists of 
macrocells configured as latches. direct register/latch feedback to the array (see Figure 1). 


I/CLK/LE PIN (PIN 13): 1/O-I/07 (PINS 5,6,7,8,17,18,19,20): 
Used as dedicated input or as an alternate clock/latch Eight bidirectional 1/O pins with user-programmable 


enable pin for all the registers/latches if so selected. (See register/latch or I/O pin feedback to the AND array (see 
1/O Logic Macroceil Configurations.) This pin is a clock pin Figure 1). 


for macroceils configured as registers and a latch enable pin 

for macrocells configured as latches. Voc (PIN 24): 
1/OE PIN (PIN 11): Supply Voltage 

Used as a dedicated input pin to the AND array or as the _ 


Output Enable control pin (Active LOW) for all macrocells GND (PIN 12): 
with pin-controlled Output Enable selected. Circuit Ground 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number . i 

B. Speed Option (if applicable) 

C. Package Type 


D. Temperature Range 


E. Optional Processing 
AMPALHCT29M16 35 


- OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


. PACKAGE TYPE 
P = 24-Pin Slim Plastic DIP (PD3024) 
D = 24-Pin Slim Ceramic DIP (CD3024) 
J = 28-Pin Plastic Leaded Chip Carrier 
(PL 028) 
L = 28-Pin Ceramic Leadless Chip Carrier 
(CL 028) 





. SPEED OPTION 
~35 = 35 ns 
-45 = 45 ns 


A. DEVICE NUMBER/DESCRIPTION 
AmPALHCT29M16 = CMOS/TTL-Compatible 
AmPALHC29M16 = CMOS-Compatible 


Valid Combinations 


34 - Valid Combinations list configurations planned to be 
Lhe combmanen: supported in volume for this device. Consult the local AMD 
PC, DC, DCB, | sales office to confirm availability of specific valid 


| _AmPALHC29M16-35, -45 | OEE LOP. combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 


products. 
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FUNCTIONAL DESCRIPTION 
Inputs 


The AmPAL29M16 has 29 inputs to drive each product term 
(up to 58 inputs with both TRUE and complement versions 
available to the AND array) as shown in the block diagram 
below. Of these 29 inputs, 3 are dedicated inputs, 16 are from 
8 |/O logic macrocells with 2 feedbacks, 8 are from other I/O 


CLK/LE 
0 /O VO VO 


VCLK/LE ¢ ¢ 
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1 WOE ‘ ‘ 4 
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Product Terms 


The degree of programmability and complexity of a PAL. 
device is determined by the number of connections that form 
the programmable-AND and OR gates. Each programmable- 
AND gate is cailed a product term. The AMPAL29M16 has 188 
product terms. 176 of these product terms provide logic 
capability and 12 are architectural or control product terms. 
Among the 12 control product terms, 2 are for common 
Asynchronous-PRESET and RESET, 1 is for Observability, 
and 1 is for PRELOAD. The other 8 are common Output 
Enable product terms. The Output Enable of each bank of 4 
macrocells can be programmed to be controlled by a common 
Output Enable pin or 2 AND/XOR product terms. It may be 
also permanently enabled or permanently disabled. 


Each product term on the AmPAL29M 16 consists of a 58-input 
AND gate. The outputs of these AND gates are connected toa 
fixed-OR plane. Product terms are allocated to OR gates ina 
variable distribution across the device ranging from 8-to-16 
wide, with an average of 11 logical product terms per output. 
Increased number of product terms per output allows more 
complex functions to be implemented in a single PAL device. 
This flexibility aids in implementing functions such as counters, 
exclusive-OR functions, or complex state machines, where 
different states require different numbers of product terms. 
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logic macrocells with single feedback, 1 is for |/CLOCK/LE 
and 1 is for I/OE input. 


Initially the AND-array gates are disconnected from all the 
inputs. This condition represents a logical TRUE to the AND 
array. By selectively programming the E2cells, the AND array 
may be connected to either the TRUE input or the comple- 
ment input. When both the TRUE and complement inputs are 
connected, a logical FALSE results at the output of the AND 
gate. 
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Common asynchronous-PRESET and RESET product terms 
are connected to all Registered/i.atched inputs/outputs. 
When the asynchronous-PRESET product term is asserted 
(HIGH) all the registers/latches will immediately be loaded 
with a HIGH, independent of the clock. When the asynchro- 
nous-RESET product terrn is asserted (HIGH) all the regis- 
ters/latches will be immediately loaded with a LOW, indepen- 
dent of the clock. The actual output state will depend on the 
macrocell polarity selection. The latches must be in latched 
mode (not transparent mode) for the RESET/PRESET, PRE- 
LOAD, and power-up RESET modes to be meaningful. 


input/Output Logic Macrocells 


The !/O logic macrocell allows the user the flexibility of 
defining the architecture of each input or output on an 
individual basis. It also provides the capability of using the 
associated pin either as an input or an output. 


The AmPAL29M16 has 16 macroceils, one for each I/O pin. 
Each !/O macrocell can be programmed for combinatorial, 
registered or latched operation (see Figure 1). Combinatorial 
output is desired when the PAL device is used to replace 
combinatorial glue logic. Registers are used in synchronous 
logic applications while latches are used in asynchronous 
applications where speed is critical. The output polarity for 
each macrocell in each of the three modes of operation is 
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user-selectable allowing complete flexibility of the macrocell 
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configuration. 


Eight of the macrocells (i/OFo-I/OF7) have two independent 


feedback paths to the AND array (see Figure 1). The first is a 


dedicated I/O pin feedback to the AND array for combinatorial 
input. The second path consists of a direct register/latch 
feedback to the array. If the pin is used as a dedicated input 
using the first feedback path, the register/latch feedback path 
is still available to the AND array. This path provides the 
capability of using the register/latch as a buried state register/ 
latch. The other eight macrocells have a single feedback path 
to the AND array. This feedback is user-selectable as either an 
I/O pin or a register/latch feedback. 


Each macrocell can provide true input/output capability. The 
user can select each macrocell register/latch to be driven by 
either the output generated by the AND-OR array or the I/O 
pin..When the I/O pin is selected as the input, the feedback 
path provides the register/latch input to the array. When used 


Common 
I/OE Pin 





Banks of 4 SS. 


Macrocellis 


Common Async. 
PRESET 


PO 


P7, P11 or P15 
CLK/LE 
VCLK/LE . 


Common Async. 
RESET 


To AND < 7 


To AND“ 
Array 


1/O Logic Macrocell Configuration 


AMD's unique !/O macrocell offers major benefits through its 
versatile, programmable input/output cell structure, multiple 
clock choices, flexible Output Enable and feedback selection. 
= ht !/O macrocells with single feedback contain nine 

E“cells, while the other eight macrocells contain eight Ecells 
for programming the input/output functions (see Table 1, 
Figure 2). 


E*cell S1 controls whether the macrocell will be combinatorial 
or registered/latched. SO controls the output polarity (active- 
HIGH or active-LOW). S2 determines whether the output is a 
register or a latch. S3 allows the use of the macrocelil as an 
input register/latch or as an output register/latch. It selects 
the direction of the data path through the register/latch. If 





Figure 1. AmMPALHC(HCT)29M16 I/O Macrocell 


as an input, each macrocell is also user-programmable for 
registered, latched, or combinatorial input. 


The AmPAL29M16 has one dedicated CLK/LE pin and one 
1/CLK/LE pin. All macrocells have a programmable select to 
choose between these two pins as the clock or the latch 
enable signal. These pins are clock pins for macrocells 
configured as registers and latch enable pins for macroceils 
configured as latches. The polarity of these CLK/LE signals is: 
also individually programmable. Thus different registers can 
be driven by multiple clocks and clock phases. 


The Output-Enable mode of each of the macrocells can be 
selected by the user. The I/O pin can be configured as an 
output pin (permanently enabled) or as an input pin (perma- 
nently disabled). It can also be configured as a dynamic I/O 
controlled by the Output Enable pin or by two AND-XOR 
product terms which are available for each bank of four 1/O 
logic macrocells. 


Vec 




















8 to MUX 






8 Dedicated Feedback 
DF006181 





connected to the usual AND-OR array output, the register/ 
latch is an output connected to the I/O pin. If connected to the 
I/O pin, the register/latch becomes an input register/latch to 
the AND array using the feedback data path. 


Programmable E“cells $4 and S65 allow the user to select one 
of the four CLK/LE signals for each macrocell. S6 and S7 are 
used to control Output Enable as pin controlled, two product 
term controlled, permanently enabled or permanently dis- 
abled. S8 is a feedback multiplexer for the macrocells with a 
singie feedback path only. 


In the virgin erased state (charged, disconnected), an archi-. 
tectural cell is said to have a value of ''1"' ; In the programmed 
state (discharged, connected), an architectural cell is said to 
have a value of ''0". | 











Table 1. AmMPAL29M16 I/O Logic Macrocell Architecture Selections 


| s3 | 1/0 Celt 
1 Output Cell 
0 Input Cell 
Output Type 
Combinatorial Active LOW 
Register/Latch Active HIGH 
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Register/Latch 
1/0 





“Applies to macrocells with single feedback only. 
TC003961, 


Table 1. AmPAL29M16 I/O Logic Macrocell Clock Polarity & Output Enable Selections 


(Cont'd.) 
a Clock Edge/Latch Enable Level Output Buffer Control 
Pin-Controlled 3-State Enable 
1 0 : 
0 1 


CLK/LE pin positive-going edge, active-HIGH LE = | 
Fei CLK/LE pin negative-going edge, active-LOW LE XOR PT-Controlled 3-State Enable 
rea -goi ive - Permanently Enabled (Output only) 


I/CLK/LE pin positive-going edge, active-HIGH LE 
re Permanently Disabled (Input only) 
1 = Erased State (Charged or disconnected) 


I/CLK/LE pin negative-going edge, active-LOW LE 
TC003971 
0 = Programmed State (Discharged or connected) 
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 


OUTPUT REGISTERED/ACTIVE LOW 
| So = 1 


S;=0 
(ee ear Spa 
So = 1 
3 > DQ > ES 
a > a 
D 
a 
LD000961 
OUTPUT REGISTERED/ACTIVE HIGH 
Sp = 0 
S$; = 0 


S3= 1 
Sy = 1 


OUTPUT COMBINATORIAL/ACTIVE LOW 


So =] 
S;=1 
S3= 1 
‘ae Jo — es 
#4 
a 
| LD000951 
OUTPUT COMBINATORIAL/ACTIVE HIGH 
So = 0 


S;=1 
S3= 1 


) He be i ) OD . A 
» | +p | 
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LD000971 


A 
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A 
z\ 


LD000981 
Figure 2A: Dual Feedback Macrocells | 


OUTPUT REGISTERED/ACTIVE LOW, I/O FEEDBACK 
So = 1 
3) : ; So=1 
Sg = 0 , dee 
Sp =1 83 = 0 


OUTPUT COMBINATORIAL/ACTIVE LOW, I/O FEEDBACK 





LD001000 
LDO00991 


OUTPUT LATCHED/ACTIVE HIGH, I/O FEEDBACK OUTPUT COMBINATORIAL/ACTIVE HIGH, I/O FEEDBACK 


So = 0 
S;=1 
$3 = 1 
Sg = 0 





LD001021 


LD001011 


Figure 2B: Single Feedback Macrocells 
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OUTPUT REGISTERED/ACTIVE LOW, REG. FEEDBACK OUTPUT COMBINATORIAL/ACTIVE LOW, REG. FEEDBACK 
So = 1 
$1 = 1 
$4 = 1 
spel 
So =1 
LD001031 
LD001041 
OUTPUT LATCHED/ACTIVE LOW, LATCHED FEEDBACK OUTPUT COMBINATORIAL/ACTIVE LOW, LATCH FEEDBACK 
ee ri 
S; = 0 83 = 1 
S3 = 1 Sg = 1 
Sg = 1 Sp = 0 
So = 0 
L0001051_—, , L.DO01061 | 


Figure 2B: Single Feedback Macrocells (Cont'd.) 


INPUT REGISTERED/LATCHED 


Sg = 1 (for single feedback only) 
Sp = 1 Register 
= 0 Latch 





Programmable-AND Array 
LD001071 


Figure 2C: All Macrocelis 
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Figure 3. AmMPAL29M16 Logic Diagram 
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Figure 3. AmPAL29M16 Logic Diagram 
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Designed in | Testability and Debugging 


PRELOAD 


To simplify testing, the AmPAL29M16 is designed with PRE- 
LOAD circuitry that provides an easy method for testing logical 
functionality. Both TTL-level and supervoltage-enabled PRE- 
LOAD modes are available. This offers even more test 
capability than previously implemented in AMD's PAL devices. 
The TTL-level PRELOAD product term can be useful during 
debugging, where supervoltages may not be available. 


PRELOAD allows any arbitrary state value to be loaded into 
the registers/latches of the device. A typical functional-test 
sequence would be to verify al! possible state transitions for 
the device being tested. This requires the ability to set the 
state registers into an arbitrary ''present state'' value and to 
set the devices inputs into any arbitrary "present input'' value. 
Once this is done, the state machine is clocked into a new 
state, or ''next state'', which can be checked to validate the 
transition from the ''present state''. In this way any transition 
can be checked. 


Since PRELOAD can provide the capability to go directly to 
any desired arbitrary state, test sequences may be greatly 
shortened. Also, all possible states can be tested, thus greatly 
reducing test time and development costs and guaranteeing 
proper in-system operation. 


Observability _ 
The output register/latch observability product term, when 


asserted, suppresses the combinatorial output data from 


appearing on the I/O pin and allows the observation of the 
contents of the register/latch on the output pin for each of the 
logic macrocells. This unique feature allows for easy debug- 
ging and tracing of the buried state machines. In addition, a 
Capability of supervoltage observability is also provided. 


Power-Up Reset 


All the device registers/latches have been designed to reset 
during device power-up. Following the power-up, all registers/ 
latches will be cleared, setting the outputs to a state deter- 
mined by the output select multiplexer. This feature provides 


— extra flexibility to the designer and is especially valuable in 
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simplifying state machine initialization. 
Security Cell 


A security cell is provided on each device to prevent unautho- 
rized copying of the user's proprietary logic design. Once 
programmed, the security cell disables the programming, 
verification, PRELOAD, and the observability modes. The only 
way to erase the protection cell is by charging the entire array 
and architecture cells, in which case no proprietary design can 
be copied. (This cell should be programmed only after the rest 
of the device has been completely programmed and verified.) 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ...................ccceeeees -65 to +150°C 
Ambient Temperature under bias............. -55 to +125°C 
Supply Voltage with 

Respect to Ground..............::ceeeee eee -0.5 V to +7.0 V 
DC Output Voltage.................6.0 -0.5 V to Voc + 0.5 V 


DC Input Voltage 

(Except Pin |/OE) ..................55 -0.5 V to Voc + 0.5 V 
DC Input Voltage (Pin I/OE) ................ -0.6 V to +17 V 
DC Input Current ...............cc cece ee eee eens -1 mA to +1 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


HCT Devices* 


Parameter Parameter 
Symbol Description 


vee Output HIGH Voltage 

VOL | Output LOW Voltage 

Vin Input HIGH Voltage . 
VIL Input LOW Voltage | 


Parameter 
Symbol 


| Cour 
Note: These parameters a 
modified where capa 


Output Canaci 


nce may be affected. 


* Consult factory for DC specification on HC Devices. 


f = fmax, Outputs Open (io = 0) 
Voc = Max., Vo =0 V 


Test Conditions Lr 
Voc = 5.00 V., Ta = 25°C fel 
| VIN = 0 V @ f=1 MHz FB | 


00% tested, but are evaluated at initial characterization and at any time the design is 
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OPERATING RANGES 


Commercial (C) Devices — HCT Devices 
Temperature (Ta) Operating Free Air 
Supply Voltage (Vcc) 


C346 0°C to +70°C 
5 to +5.25 V 



























Commercial (C) Devices — HC Device 
Temperature (Ta)...........e0eeee 
Supply Voltage (Vcc) 


to + 70°C 
o +5.50 V 


Military (M) Devices* 


Operating ranges define th 
functionality of the device 4” 


*Consult Factory for Mili 
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t Register Feedback Clock to 
CIR Combinatorial Output 


“SWITCHING CHARACTERISTICS over operating range unless otherwise specified All values are 
determined under the loading of one TTL gate and a capacitance of 50 pF. 
All Typical values are determined at Vcc = 5 V and Ta = 25 C. 






| _ REGISTERED OPERATION (Numbers 1 through 12) 
4 | Input or I/O Pin to 
Combinatorial Output 
Output Register | | | 
input or I/O Pin to 99 
Output Register Setup 
t Output Register Clock . 
COR to Output | 
tHOR | 


Output Register 
Input Register 


11/0 Pin to Input — | 
SIR | Register Setup | | 



















Data Hold Time for 
Input Register 








Register Feedback to Output | 
Register/Latch Setup 






Maximum Frequency 

1/(tsor + tcor) | 
Max Internal Frequency 
1/tcis 


2 tc, Lock wat cow iP ve its 


LATCH OPERATION (Numbers 13 through 24) 
Input or I/O Pin to | 

Combinatorial Output Sf | fe fm 
| | Input or 1/O Pin to Output | 











Output Latch | 





Input or 1/0 Pin to Output ; | 

Latch Setup pw] 
Latch Enable to ‘Transparent | 
GOL Mode Output 











Data Hold Time for 
Output Latch 


Input or I/O Pin to Output 
Latch Setup via Transparent 
Input Latch 
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Parameter Parameter Parameter 
Number Symbol Description 





Input Latch 








1/O Pin to Input Latch Setup 


Latch Feedback, Latch 
Enable Transparent Mode to 
Combinatorial Output 





tSIL 





tGIL 





tad | ns 
Mirren 





9 —s 
oO ce) 









Data Hold Time for 
Latch Enable 
Latch Feedback Transparent 
22 tals Mode to Output Register/ 45 
Latch Setup 








RESET/PRESET & OUTPUT ENABLE OPERATION (Numbers 25 through 32) 
Input or I/O Pin to Output 
Register/Latch RESET/ 


PRESET Sf | fe fm 
, Async. RESET/PRESET 45 
AW Pulse Width 


Async. RESET/PRESET to 
Input Register/Latch 
Recovery 


Async. RESET/PRESET to 
Input Register/Latch 
Recovery 


1/OE Pin to Output Enable 
tpxz \/OE Pin to Output Disable 


t Input or I/O to Output 
EA Enable via PT | 


Input or !1/O to Output 
Disable via PT 


taPo 






se 
or 






No 
N 


taRO 







taRI 











tpzx 


oe EY) 
oO; 0 





Nh 
roe) 


fe 
th 
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OUTPUT | 
LATCH 


yo 


Ke 


< 
Nese otepe AGiL 


tptp 
> tep 


BD006821 
INPUT/OUTPUT SPECS (PIN LE REFERENCE) 


CLK Co 


INPUT AND-OR ARRAY | OUTPUT 
REGISTER ‘| REGISTER 


YO 


- 


\-—————> tir 
top 


BD006831 
INPUT/OUTPUT REGISTER SPECS (PIN CLK REFERENCE) 
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SWITCHING WAVEFORMS 





> 
=| 
|v 
> 
CLOCK * 
INV POL i 
oO 
N 
oO 
= 
a 
CLOCK 
=, 
TRUE POL > 
| 
COMBINATORIAL 9 
INPUT & I/O | ho 
FEEDBACK im 
r?) 
=n 
REGISTERED N 
INPUTS = 
ath 
° 
REGISTERED 
OUTPUTS 









COMBINATORIAL ee WYO VV Y | mate \\’ 
OUTPUTS LA Fe seated 












ASYNC. RESET ge eas See @, oe. > ow 
& PRESET RESET | ee | 
INPUTS ee AV PRESET ie | 
PIN DRIVEN | 
OUTPUT ENB 
WF023241 
Register 
aren He TRANSPARENT TRANSPARENT 
INV POL | | 
LATCH ENB . ree @9 &) | 
TRUE POL 
RANSPARENT TRANSPARENT 


COMBINATORIAL 


INPUTS & I/O IVI | 
iia ol ol 


‘4 
> 
2S 


wma? XXKTEX TK 
ahi, Hoy dare Tels fae 
tt |) SD 
if 


N at WN) a). (| PP \\\\\ 

oslo Pela LT Fe 

~ aa | 

“OUTPUTS |) a ss Ss AI 
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ne a ) a 

INPUTS a 


PIN DRIVEN 
OUTPUT ENB 


WF023251 
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SWITCHING TEST CIRCUIT 


5 V 
R y= 676 Q 


TO OUTPUTS 


OF DEVICE Rox 495 {4 


TC003951 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROM L TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 
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WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 


LINE §S HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 
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24-Pin E*-Based CMOS Programmable Array Logic 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


@ High-performance semi-custom logic replacement; 
Electrically Erasable (E2) technology allows repro- 
grammability 

@ 16 bidirectional user-programmabie |!/O logic macro- 
cells for Combinatorial/Registered/Latched operation 

@ Output Enable controlled by a pin or product terms 

@ Variable product term distribution for increased design 
flexibility 

® Programmable clock selection with common pin clock/ 
latch enable (LE) or individual product term clock/LE 
with LOW/HIGH clock/LE polarity 


® Register/Latch PRELOAD permits full logical verifica- 
tion 

@ Available in high-speed (tpp = 35 ns, fyax = 20 MHz) 
and standard-speed (tpp = 45 ns, fyax = 15.0 MHz) 
versions 

@ 100% post-programming functional yield (PPFY), fast 
programming and excellent reliability assured through 
proven E2PROM technology 

@ Full-function AC and DC testing at the factory 

@ CMOS and TTL-compatible versions 

® 24-pin 300-mil DIP and 28-pin chip carrier packages 


GENERAL DESCRIPTION 


The AmPAL29MA16 is a high-speed, E*-based CMOS 
Programmable Array Logic device designed for general 
logic replacement in TTL or CMOS digital systems. It offers 
high-speed, low-power consumption, high programming 
yield, fast programming and excellent reliability. Program- 
mable logic devices (PLDs) combine the flexibility of 
custom logic with the off-the-shelf availability of standard 


products, providing major advantages over other semicus- 


tom solutions such as gate arrays and standard cells, 
including reduced development time and low up-front 
development cost. 


The AmPAL29MA16 uses the familar sum-of-products 
(AND-OR) structure, allowing users to customize logic 
functions by programming the device for specific applica- 
tions. It provides up to twenty-nine array inputs and sixteen 
outputs. It incorporates AMD's unique input/output logic 
macrocell which provides flexible input/output structure 
and polarity, flexible feedback selection, multiple Output 
Enable choices, and a programmable clocking scheme. 
The macrocells can be individually programmed as ''Com- 
binatorial'', ''Registered'', or ''Latched"' with active-HIGH 
or active-LOW polarity. The flexibility of the logic macrocells 


* PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 
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permits the system designer to tailor the device to particular 
application requirements. 


Increased logic power has been built into the 
AmPAL29MA16 by providing a variable number of logical 
product terms per output. Eight outputs have four product 
terms each, four outputs have eight product terms each, 
and the other four outputs have twelve product terms each. 
This variable product-term distribution allows complex func- 
tions to be implemented in a single PAL device. Each 
output can be dynamically controlled by a common Output 
Enable pin or an individual Output Enable product terms. 
Each output can also be permanently enabled or diasabled. 


System operation has been enhanced by the addition of 
common asynchronous-PRESET and RESET product 
terms and a power-up RESET feature. The AmPAL29MA16 
also incorporates PRELOAD and Observability functions 
which permit full logical verification of the design. 


The AmPAL29MA16 is compatible with HCT (High-perfor- 
mance CMOS & TTL) and HC (High-performance CMOS) 
logic levels and is offered in the space-saving 300-mil DIP 
package as well as chip carrier surface-mount packages. 










Publication # Rev. Amendment 
08811 A /0 
issue Date: October 1986 
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BLOCK DIAGRAM 
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CONNECTION DIAGRAMS 
Top View 


DIPs 





CLK/LE [ ]1 Vcc 
lo Lj 2 Ig 
VOFo LJ3 VOF 7 
VOF, LJ 4 VOF ¢ 
Oo LJ 5 /O7 
0, LJ6 06 
Oo LJ7 Og 
Og _j}8 /O4 


CD010272 


LCC* 


t v0, 
06 
{no 
( /0; 
C/O, 


’ OF 5 





VOF3 ) | 
/OE 
/OF 4 


CD010281 
*Also available in PLCC. Pinouts identical to LCC. 


Note: Pin 1 is marked for orientation. 
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PIN DESCRIPTION 
The following describes the functionality of all the pins on the 1/OFo-1/OF7 (PINS 3,4,9,10,15,16,21,22): 


24-pin DIP. The 28-pin chip carrier has the same functionality | — Eight bidirectional |/O pins with two independent feedback 
with NO CONNECTS on pins 1,8,15,22. paths to the AND array. The first feedback path is a 
CLK/LE (PIN 1): a dedicated !/O pin feedback to the AND array for | 


combinatorial input. The second feedback path consists of 


/ 
Used as dedicated clock/latch enable pin for all registers/ direct register/latch feedback to the array (see Figure 1). 


latches on the device if so selected. (See I/O Logic 

Macrocell Configurations.) This pin is a clock pin for 1/Oo-1/07 (PINS 5,6,7,8, 17,18, 19,20): 

macrocells configured as registers and a latch enable pin for Eight bidirectional 1/O pins with user-programmable 

macrocells configured as latches. register/latch or I/O pin feedback to the AND array (see 
1/OE PIN (PIN 11): Figure 1). 

Used as a dedicated input pin to the AND array or as the 

Output Enable control pin (Active LOW) for all macrocells Voc (PIN 24): 


with pin-controlled Output Enable selected. | Supply Voltage 
Io-ig (PINS 2,13,14,23): GND (PIN 12): 
Dedicated input pins. Circuit Ground 
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ORDERING INFORMATION 
| Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Package Type 

D. Temperature Range 

E. Optional Processing 


AMPALHCT29MA16 -35 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


. PACKAGE TYPE 
P = 24-Pin Slim Plastic DIP (PD3024) 
D = 24-Pin Slim Ceramic DIP (CD3024) 
J = 28-Pin Plastic Leaded Chip Carrier 


(PL 028) 
L = 28-Pin Ceramic Leadless Chip Carrier 
(CL 028) 


. SPEED OPTION 
~35 = 35 ns 
-~45 = 45 ns 


-A. DEVICE NUMBER/DESCRIPTION 
AmPALHCT29MA16 = CMOS/TTL-Compatible 
AmPALHC29MA16 = CMOS-Compatible 


Valid Combinations 
Valid Combinations list configurations planned to be 
lid Combinations ‘ : : 
supported in volume for this device. Consult the local AMD 
PC, DC, DCB, sales office to confirm availability of specific valid 
JC, LC, LOB ; combinations, to check on newly released combinations, and 


to obtain additional data on AMD's standard military grade 
products. 
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FUNCTIONAL DESCRIPTION 


Inputs 


The AmPAL29MA16 has 29 inputs to drive each product term 
(up to 58 inputs with both TRUE and complement versions 
available to the AND array) as shown in the block diagram 
below. Of these 29 inputs, 4 are dedicated inputs, 16 are from 
8 I/O logic macrocells with 2 feedbacks, 8 are from other I/O 
logic macrocells with single feedback and 1 is for |/OE input. 


Initially the AND-array gates are disconnected from all the 
inputs. This condition represents a logical TRUE to the AND 
array. By selectively programming the E°cells, the AND array 
may be connected to either the TRUE input or the comple- 
ment input. When both the TRUE and complement inputs are 
connected, a logical FALSE results at the output of the AND 
gate. 


BLOCK DIAGRAM 


0 


a a 


CLK/LE 


V 
eae 








| pimacROcELLL heiceonettl a 


. a i. 


Product Terms 


The degree of programmability and complexity of a PAL 
device is determined by the number of connections that form 
the programmable-AND and OR gates. Each programmable- 
AND gate is called a product term. The AmMPAL29MA16 has 
178 product terms. 176 of these product terms provide logic 
capability and 2 are architectural product terms. Among the 2 
contro! product terms, 1 is for Observability, and 1 is for 
PRELOAD. The Output Enable of each macrocell can be 
programmed to be controlled by a common Output Enable pin 
or an individual product term. It may be also permanently 
enabled or permanently disabled. 


Each product term on the AmMPAL29MA16 consists of a 58- 
input AND gate. The outputs of these AND gates are 
connected to a fixed-OR plane. Product terms are allocated to 
OR gates in a variable distribution across the device ranging 
from 4-to-12 wide, with an average of 7 logical product terms 
per output. Increased number of product terms per output 
allows more complex functions to be implemented in a single 
PAL device. This flexibility aids in implementing functions such 
as counters, exclusive-OR functions, or complex state ma- 
chines, where different states require different numbers of 
product terms. 


Individual asynchronous-PRESET and RESET product terms 
are connected to all Registered/Latched inputs/outputs. 





‘ 5 a a ‘a 


erereres ees 
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When the asynchronous-PRESET product term is asserted 
(HIGH) all the registers/latches will immediately be loaded 
with a HIGH, independent of the clock. When the asynchro- 
nous-RESET product term is asserted (HIGH) all the regis- 
ters/latches will be immediately loaded with a LOW, indepen- 
dent of the clock. The actual output state will depend on the 
macrocell polarity selection. The latches must be in latched 
mode (not transparent mode) for the RESET/PRESET, PRE- 
LOAD, and power-up RESET modes to be meaningful. 


Input/Output Logic Macrocells 


The 1/O logic macrocell allows the user the flexibility of 
defining the architecture of each input or output on an 
individual basis. It also provides the capability of using the 
associated pin either as an input or an output. 


The AmPAL29MA16 has 16 macrocells, one for each I/O pin. 
Each I/O macrocell can be programmed for combinatorial, 
registered or latched operation (see Figure 1). Combinatorial 
output is desired when the PAL device is used to replace 
combinatorial glue logic. Registers are used in synchronous 
logic applications while latches are used in asynchronous 
applications where speed is critical. The output polarity for 
each macrocell in each of the three modes of operation is 
user-selectable allowing complete flexibility of the macrocell 
configuration. 
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Eight of the macrocells (I/OFg-|/OF7) have two independent 
feedback paths to the AND array (see Figure 1). The first is a 
dedicated !/O pin feedback to the AND array for combinatorial 
input. The second path consists of a direct register/latch 
feedback to the array. If the pin is used as a dedicated input 

using the first feedback path, the register/latch feedback path 
is still available to the AND array. This path provides the 
capability of using the register/latch as a buried state register/ 
latch. The other eight macrocells have a single feedback path 
to the AND array. This feedback is user-selectable as either an 

I/O pin or a register/latch feedback. 











Each macrocell can provide true input/output capability. The 
user can select each macrocell register/latch to be driven by 
either the output generated by the AND-OR array or the |/O 
pin. When the I/O pin is selected as the input, the feedback 
path provides the register/latch input to the array. When used 










Common 
OE (Pin) 
Individual OE 
Individual 


Async. 
PRESET 





PO 


P3, P7 or P11 
Common 
CLK/LE - (Pin) 


Individual 
CLK/LE 


Individual 
Async 
RESET 


To AND 











I/O Logic Macrocell Configuration 





AMD's unique !/O macrocell offers major benefits through its 
versatile, programmable input/output cell structure, multiple 
clock choices, flexible Output Enable and feedback selection. 
ert 1/0 macrocells with single feedback contain nine 
E“cells, while the other eight macrocells contain eight E“cells 
for programming the input/output functions (see Table 1, 
Figure 2). . 







E@cell S1 controls whether the macrocell will be combinatorial 
or registered/latched. SO controls the output polarity (active- 
HIGH or active-LOW). S2 determines whether the input/output 
is a register or a latch. S3 allows the use of the macrocell as 






the direction of the data path through the register/latch. - If 








Figure 1. AMPALHC(HCT)29MA16 I/O Macrocell 


an input register/latch or as an output register/latch. It selects 


as an input, each macrocell is also user-programmable for 
registered, latched, or combinatorial input. 


The AmPAL29MA16 has one dedicated CLK/LE pin and an 
individual CLK/LE product term. All macrocells have a pro- 
grammable select to choose between these two as the clock 
or the latch enable signal. These signals are clock signals for 
macrocells configured as registers and latch enable signal for 
macrocells configured as latches. The polarity of these CLK/ 
LE signals is also individually programmable. Thus different 
registers can be driven by multiple clocks and clock phases. 


The Output-Enable mode of each of the macrocells can be 
selected by the user. The I/O pin can be configured as an 
output pin (permanently enabled) or as an input pin (perma- 
nently disabled). It can also be configured as a dynamic |/O 
controlled by the Output Enable pin or by product term. 






MUX 
S6 S7 
ee 1/0 Pins 
16, 
MUX > AP'S 













8 Dedicated Feedback 
BD006870 


connected to the usual AND-OR array output, the register/ 
latch is an output connected to the |/O pin. If connected to the 
I/O pin, the register/latch becomes an input register/latch to 
the AND array using the feedback data path. 


Programmable E“cells $4 and S5 allow the user to select one 
of the four CLK/LE signals for each macrocell. S6 and S7 are 
used to contro! Output Enable as pin controlled, product term 
controlled, permanently enabled or permanently disabled. S8 
is a feedback multiplexer for the macrocells with a single 
feedback path only. 


In the virgin erased state (charged, disconnected), an archi- 
tectural cell is said to have a value of ''1'' ; In the programmed 
state (discharged, connected), an architectural cell is said to 
have a value of ''0". 












Table 1. AMPAL29MA16 I/O Logic Macrocell Architecture Selections 


| $3 | I/O Cell | $2 [Storage Element 


Output Cell Register 
Input Cell Latch 










Combinatorial 1 Active LOW 
Register/Latch Active HIGH 


Register/Latch 
1/0 





“Applies to macrocells with single feedback only. 
TC003961 


Table 1. AmPAL29MA16 I/O Logic Macrocell Clock Polarity & Output Enable Selections 
(Cont'd.) 


a Clock Edge/Latch Enable Level 
CLK/LE pin positive-going edge, active-HIGH LE 
CLK/LE pin negative-going edge, active-LOW LE 













PT-Controlied 3-State Enable 
rare Permanently Enabled (Output only) 
tie | Permanently Disabled (Input only) 


TC003972 


CLK/LE PT positive-going edge, active-HIGH LE 
CLK/LE PT negative-going edge, active-LOW LE 


1 = Erased State (Charged or disconnected) 
0 = Programmed State (Discharged or connected) 
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SOME POSSIBLE CONFIGURATIONS OF. THE INPUT/OUTPUT LOGIC MACROCELL — 


OUTPUT REGISTERED/ACTIVE LOW OUTPUT COMBINATORIAL/ACTIVE LOW 
7 at oe oa “Sp=1 a 


: is wants .  $,20 _ 20 = 
“ $3 = 1 = 
a Gat | S51 
é ) 77 J : Bae be cS 
on wae » 
=< 4 
4 4 
| LD000961 | LD000951 
OUTPUT REGISTERED/ACTIVE HIGH OUTPUT COMBINATORIAL/ACTIVE HIGH. 
; Sp = 0 -_ Sp = 0 
S;=0 S;= 1 
Sq = 1 Sq = 1 
> 3-1 —L) 
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Figure 2A: Dual Feedback Macrocells 
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Figure 2B: Single Feedback Macrocelis 


4-218 














OUTPUT REGISTERED/ACTIVE LOW, REG. FEEDBACK OUTPUT COMBINATORIAL/ACTIVE LOW, REG. FEEDBACK 
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8; = | 
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LD001031 
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OUTPUT LATCHED/ACTIVE LOW, LATCHED FEEDBACK OUTPUT COMBINATORIAL/ACTIVE LOW, LATCH FEEDBACK 
" ———| a 
S;=0 S3= 1 
Sg=1 Sg = 1 
Sg = 1 A So=0 
So = 0 
LD001051 L.D001061 





Figure 2B: Single Feedback Macrocells (Cont'd.) 
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So = X 
S;=0 
S3 = 0 
Sg = 1 (for single feedback only) 
S2 = 1 Register 
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Programmable-AND Array 


Figure 2C: All Macrocells 
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Figure 3. AmMPAL29MA16 Logic Diagram 
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Figure 3. AMPAL29MA16 Logic Diagram 
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AmPAL*HC29MA16/AmPALHCT29MA16 


Designed in Testability and Debugging 
PRELOAD - 


To simplify testing, the AmPAL29MA16 is designed with 
PRELOAD circuitry that provides an easy method for testing 
logical functionality. Both TTL-level and supervoltage-enabled 
PRELOAD modes are available. This offers even more test 
capability than previously implemented in AMD's PAL devices. 
The TTL-level PRELOAD product term can be useful during 
debugging, where supervoitages may not be available. 


PRELOAD allows any arbitrary state value to be loaded into 


the registers/latches of the device. A typical functional-test _ 


sequence would be to verify all possible state transitions for 
the device being tested. This requires the ability to set the 
state registers into an arbitrary ‘present state'’ value and to 
set the devices inputs into any arbitrary ''present input" value. 
Once this is done, the state machine is clocked into a new 
state, or ''next state'’, which can be checked to validate the 
transition from the “present state'’. In this way any transition 
can be checked. 


Since PRELOAD can provide the capability to go directly to 
any desired arbitrary state, test sequences may be greatly 
shortened. Also, all possible states can be tested, thus greatly 
reducing test time and development costs and guaranteeing 
proper in-system operation. 


Observability 


The output register/latch observability product term, when 
asserted, suppresses the combinatorial output data from 
appearing on the I/O pin and allows the observation of the 
contents of the register/latch on the output pin for each of the 
logic macrocells. This unique feature allows for easy debug- 
ging and tracing of the buried state machines. In addition, a 
capability of supervoltage observability is also provided. 


Power-Up Reset 


All the device registers/latches have been designed to reset 
during device power-up. Following the power-up, all registers/ 
latches will be cleared, setting the outputs to a state deter- 
mined by the output select multiplexer. This feature provides 
extra flexibility to the designer and is especially valuable in 
simplifying state machine initialization. 


Security Cell 


A security cell is provided on each device to prevent unautho- 
rized copying of the user's proprietary logic design. Once 
programmed, the security cell disables the programming, 
verification, PRELOAD, and the observability modes. The only 
way to erase the protection cell is by charging the entire array 
and architecture cells, in which case no proprietary design can 
be copied. (This cell should be programmed only after the rest 
of the device has been completely programmed and verified.) 
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ABSOLUTE MAXIMUM RATINGS 





Storage Temperature ................cccece eee -65 to + 150°C 
Ambient Temperature under bias............. ~55 to +125°C 
Supply Voltage with 

Respect to Ground.............cc.cceeeeees -0.5 V to +7.0 V 
DC Output Voltage...................008 -0.5 V to Voc + 0.5 V 
DC Input Voltage 

(Except Pin I/OE) ................000 -0.5 V to Voc + 0.5 V 
DC Input Voltage (Pin 1/OE) ................ -0.6 V to +17 V 
DC. Input Current ................cccceeeeeeeees ~1 mA to +1 MA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


HCT Devices** 





Input HIGH Voltage 





Input Leakage Current 


Note: These parameters aré [00% tested, but are evaluated at initial characterization and at any ti 


modified where capacitance may be affected. 


** Consult Factory for DC specifications for HC Devices. 





DC CHARACTERISTICS over operating range unless otherwise specif 








Input LOW Voltage Maga 












. 4 f= fmax, Outputs Open (Io = 0) 


| rertconamone | nye | ute 


Voc = 5.00 V., Ta = 25°C 
Vin=0 V @ f=1 MHz 





Commercial (C) Devices — HCT Devices 
Temperature (Ta) Operating Free Air 
Supply Voltage (VCC) .......ccceeeeeeeees 







Commercial (C) Devices — HC Devices»: 
Temperature (Ta)...........2..0000: 
Supply Voltage (Vcc) ............4 


Military (M) Devices* 









Operating ranges define th@s 
functionality of the device .4 





“Consult Factory for Mills 
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SWITCHING CHARACTERISTICS over operating range unless otherwise spe 
determined under the loading of one TTL gate and a capacitance of 50 pF. 
All Typical values are determined at Vcc =5 V and Ta = 25 C. 


en eee arene eee 
Number symbol Description | min. | Max] min, | Max. | 


REGISTERED OPERATION (Numbers 1 through 20) os 
Input or I/O Pin to ae gle 
Output Register - Pin Clock | : _— | 
Input or I/O Pin to | | : 
a ee ee ee ee 
' | Output Register Clock 
COR to Output 
4 t Data Hold Time for 
HOR Output Register 


Output Register - Product Term Clock 
1/O Pin or Input to Output 
Register Setup 
Output Register Clock 
7 t Data Hold Time for 45 
HORP Output Register | 


cified All values are 



























Input Register - Pin Clock 


I/O Pin to Input Register 
Setup 
t Register Feedback Clock to | 
CIR Combinatorial Output 





Data Hold Time for 
Input Register 


10 tHir 






Clock and Frequency 


F Maximum Frequency (Pin 
MAX Driven) 1/(tsor + tcor) | 
f Maximum Internal Frequency 
jpets (Pin Driven) 1/tcis Pe: val 
Maximum Frequency (PT | 
Driven) 1/(tsorP + tCORP)_ = ces ata 
f Maximum Internal Frequency 
MAXIPP (PT Driven) 1/tcispp | 


A 
Tem.“ Glo win .ow |e | | 8 [i 
A A 

ee 


Register Feedback (Pin 
Driven Clock) to Output 
Register/Latch (Pin Driven) 
Setup . 


Register Feedback (PT 
Driven Clock) to Output 
Register/Latch (PT Driven) 
Setup 














11 
12 
13 
14 
15 
18 
19 


2 
2 


— 
N 
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Parameter 
Description 


Parameter 
Symbol! 


Parameter 
Number 


Output Latch - Pin LE 











input or !/O Pin to 
Combinatorial Output 


| Input or 1/O Pin to Output 
via Transparent Latch 










Input or 1/O Pin to Output 

























ee Latch Setup 
24 Latch Enable to Transparent 
| Mode Output 
25 Data Hold Time for 
Output Latch 
| Input or 1/O Pin to Output 
26 Latch Setup via Transparent 


Input Latch 
Output Latch~-PT LE 
input or 1/O Pin to Output 
ah 'SOLP | Latch Setup 


te si oes I on -_ ee 
28 t Latcn Enable to Transparent a 
eOtr Mode Output | 


sei Hold Tirne for 





Input or or ‘1/0 Pin to Output | 
30 tsTLp | Latch Setup via Transparent | 30 ns 
| Input Latch | 


Input Latch - Pin LE 


31 SIL I/O Pin to Input Latch Setup ee ae 
| Latch Feedback, Latch | | 


32 tai | Enable Transparent Mode to | 
| Combinatorial Output | 








| Data Hoid Time for input 


33 | Hil. Latch 


Latch Enable 





| Latch Feedback (Pin Driven) | | | 





34 icis | to Output Register/Latch (Pin | 35 | 45 | ns 
| Driven) Setup | | | 
| Latch Feedback (PT Driven) | | | | 

35 {GISPP to Output Register/Latch (PT 45 60 ns 


Driven) Setup 


tequ | Pin Enable Width HIGH 42s 15 ns 
IGWL Pin Enable Width LOW | 42 45 ns 


tGWHP PT Enable Width HIGH 15 | ns 
{tower (| PT Enable with tow [ts | | ts 
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Parameter 
Description 


Parameter Parameter 


Number 









Input or /0 Pin to Output 
Register/Latch RESET/ 
PRESET 


a ae Async. RESET/PRESET 
AW Pulse Width 
Async. RESET/PRESET to | 
42 taRO Output Register/Latch 30 
| Recovery 
Async. RESET/PRESET to 
43 taRI 20 




















Input Register/Latch 

Recovery 

Async. RESET/PRESET to 
44 taRPO Output Register/Latch 

Recovery PT Clock/LE 

Async. RESET/PRESET to 
45 taRPI Input Register/Latch 

ee PT Clock/LE 

input or 1/0 to Output 

| Input or /0 to Output 
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INPUT/OUTPUT REGISTER SPECS (PIN CLK REFERENCE) 
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INPUT/OUTPUT LATCH SPECS (PIN LE REFERENCE) 
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CLK > 


. ; 7 we 
Input M 


insur AND-OR ARRAY [+ OUTPUT 
REGISTER | | spp | REG 


‘corp 


BD006840 


INPUT/OUTPUT REGISTER SPECS (PT CLK REFERENCE) 


OUTPUT 
LATCH 


‘TD 
‘ep 


BDO06850 


INPUT/OUTPUT LATCH SPECS (PT LE REFERENCE) — 





4-228 


CLOCK 
INV POL 


CLOCK 
TRUE POL 


COMBINATORIAL 
INPUT & W/O 
FEEDBACK 


REGISTERED 
INPUTS 
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OUTPUT ENB 
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LATCH ENB 
INV POL 


LATCH ENB 
TRUE POL 


COMBINATORIAL 
INPUTS & I/O 
FEEDBACK 


LATCHED 
INPUTS 


eS 
‘8S 
wo eS 


LATCHED 
OUTPUTS 


Hy IS 


COMBINATORIAL 
OUTPUTS 


ASYN RST 
& PRESET 
INPUTS 


PIN DRIVEN 
OUTPUT ENB 


PT DRIVEN 
LATCH ENB 
INPUTS 


COMBINATORIAL 
INPUTS & I/O 
FEEDBACK 


LATCHED 
INPUTS 


LATCHED 
OUTPUTS 


COMBINATORIAL 
OUTPUTS 


ASYN RST 
& PRESET 
INPUTS 


PIN DRIVEN 
OUTPUT ENB 


SWITCHING WAVEFORMS (Cont'd.) 


TRANSPARENT TRANSPARENT 


Latch (PT LE Reference) 
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4.17 Bipolar PROMs as Programmable Logic Products 





: Selection Guide 

i @ | , 

6 NUMBER _ TERMS OUTPUTS Sting AX) 

fx a ee ae as NO 

oC pmersiesa [eet 

§ [Camersein [ee ser 

a 

2 | am27S25A a an Ce 30ns/20ns/185mA 

: a eae ae a se 

a 

g [Canersesas [note art 

i 

EC anerseaia [noe 00 tk 

& [Camarasca [eee 

eo ees Seat ce es Se 

a 
a TT 
in a ae a NN aN 
pares | oe ee 
Canersessa [ae 
a Le 
a 
Am27S41A 35ns/185mA 


Am27S85A* 
Am27S55A 


4096 
4096 
1024 
4096 


Note 1: For ordering information see Bipolar/MOS Memories. Databook (1986) or contact your local sales office 





*These devices contain SSR™ on chip diagnotics 


4-232 


~ Am10P14/Am100P14/Am10KP14. 


4,096-Bit (1024 x 4) ECL Bipolar PROM 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


@ Fast Access time (8 ns typ.) — improves system cycle 


times 
® Power dissipation decreases with increasing tempera- 
ture 


@ {nternally voltage compensated providing flat AC perfor- 
mance 
@ Open emitter outputs (50 22 drive), wired-OR capability 





GENERAL DESCRIPTION 


The Am10P14, Am10KP14, & Am100P14 (1024-words by 
4-bits) are Schottky array, ECL Programmable Read-Only 
Memories (PROMs). 


The 10K Versions are compatible with standard voltage- 
compensated 10K series ECL. The 100K Versions are 
compatible with standard temperature and voltage-com- 


pensated 100K series ECL. Both are capable of satisfying 
the requirements of a variety of microprogrammable con- 
trols, mapping functions, code conversion, or logic repiace- 
ment. Easy word-depth expansion is provided by both 
active LOW (Gj & G3) and active HIGH (G2) output enables 
and an unterminated emitter follower output capable of 
wired-OR bus connection. 


BLOCK DIAGRAM 


Ag 


——_ 
Ag cz 
Ay oH 
As c>- 
As cp 
A4g CD 
A3C> 1 OF 18 
Recta COLUMN 
Atop DECODER | 
AacD 
Co = 
"G3 C>------------ 








Am10P14 Am10KP14 Am100P14 


bo gM cc cc kth rin Meical 
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64 * 64 


PROGRAMMABLE 
ARRAY 


}4- 1 of 16 MULTIPLEXERS 





q i 
Qy Qa Q3 
BD006370 


Publication # Rev. 
08111 A /0 
Issue Date: May 1986 


Amendment | 


q OJDIW D2DUPADVY’ vid NOLWY/pL d0OLWy/pldolwy r4 


° 


SIDIAV 


Am10P44/Am100P44__ 


16,384-Bit (4096 x 4) ECL Bipolar PROM 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS. 


@ Fast access time (12 ns typical) improves system cycle 


times 


@ Power dissipation decreases with increasing tempera- 
ture 


@ Internally voltage compensated providing flat AC perfor- 
mance 


@ Open emitter outputs (50-Q drive), wired-OR capability 





GENERAL DESCRIPTION 


The Am10P44 and Am100P44. (4096 words by 4 bits) are 


Schottky array, ECL Programmable Read-Only Memories 
(PROMs). 


The 10K Versions are compatible with standard voltage 
compensated 10K series ECL. The 100K versions are 
compatible with standard temperature and voltage com- 


pensated 100K series ECL. Both are capable of satisfying 
the requirements of a variety of microprogrammable con-- 
trols, mapping functions, code conversion, or logic replace- 


~ ment. Easy word-depth expansion is provided by an active 


LOW output enable (G) and an unterminated emitter- 
follower output capable of wired-OR bus connection. 


BLOCK DIAGRAM 






1 OF 128 
ROW 
DECODER 


COLUMN 
DECODER 


















128 X 128 
PROGRAMMABLE: 


Q) Qo Q3 
BDO005680 


PRODUCT SELECTOR GUIDE 


Address Access Time 
[pened ee oe ae 





Operating 

Range pc fw [co 

| 
07248 8B “10 | 

1_ Issue Date: May 1986 
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Am278$12/13 


2,048-Bit (512 x 4) Bipolar PROM 


"4 


DISTINCTIVE CHARACTERISTICS 


@® High speed @ Low-current PNP inputs 
@ Highly reliable, ultra-fast programming Platinum-Silicide @® High-current open-collector and three-state outputs 


fuses @ Fast chip select 
® High programming yield 


EL/ersZowy 


GENERAL DESCRIPTION 


The Am27S12/13 (512 words by 4 bits) is a Schottky TTL are compatible with low-power Schottky bus standards 
Programmable Read-Only Memory (PROM). capable of satisfying the requirements of a variety of 


microprogrammable controls, mapping functions, code con- 
This device is available in both open-collector (Am27S12) —_—_-version, or logic replacement. Easy word-depth expansion 
and three-state (Am27S13) output versions. These outputs _ is facilitated by an active LOW output enable (G). 


BLOCK DIAGRAM 


32 *% 64 


PROGRAMMABLE 


DECODER ARRAY 


1 QF 16. 
COLUMN 4- 1 o0f 16 MULTIPLEXERS 
DECODER 


fi fu fu Vy, 
B : : : 


QQ O1 Ga G3 
BD006400 


S2Dd1A2Q OJDIW P2DUPAPYY 





PRODUCT SELECTOR GUIDE 


Open-Collector 
Am27S12A Am27S12 


Three-State 
Part Number 


Address 
‘Assece'time | Sn | 40s | sons | 60 ne 





Operating 
Rage {| c¢ |» | co | Mw 


Publication # Rev. Amendment 
03208 Cc /0 
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Am27S18/19 


256-Bit (82 x 8) Bipolar PROM. 


DISTINCTIVE CHARACTERISTICS 


@ Ultra high speed 


@ Highly reliable, ultra-fast programming Platinum- Silicide 


fuses 
@ High-programming yield 


@® Low-current PNP inputs 
@ High-current open collector and three-state outputs 
@ Fast chip select 


GENERAL DESCRIPTION 


The Am27S18/19 (32-words by 8-bits) is a Schottky TTL 
Programmable Read-Only Memory (PROM). 


microprogrammable controls, mapping functions, code con- 


versions, or logic replacements. Easy word depth expan- 


a 4 


61 /8lSZewy 


This device is available in both open-collector (Am27S18) sion is facilitated by an active LOW output enable (G). 


and three-state (Am27S19) output versions. These outputs 
are compatible with low-power Schottky bus standards 
capable of satisfying the requirements of a variety of 


This device is also available in a low-power version 
Am27LS18/19. 


BLOCK DIAGRAM 


32 X% 8 


PROGRAMMABLE 
ARRAY 


pbb byl ls + 


G 9% G2 9% 94 % G 
BD006140 


1 OF 32 
ROW 
1 DECODER | . 


PRODUCT SELECTOR GUIDE 


27S19SA 27S18A 27818 27LS18 


27S19SA 27S19A 27819 27LS19 


PRICE RS CoC 


Open-Collector 
Part Number 


Three-State 
Part Number 


Address 
Access Time 


Operating — ~~ ~ 
E-ee EEEEEaE 





Publication # Rev. Amendment 
03209 D /0 
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Am27S180/27S181/PS181 
Am27S280/27S281/PS281 


8,192-Bit (1024 


x 8) Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


@ Fast access time allows high system speed 
@ 50% power savings on deselected parts — enhances 
reliability through total system heat reduction 


GENERAL 


The Am27S180/27S181 (1024 words by 8 bits) is a 
Schottky TTL Programmable Read-Only Memory (PROM). 


This device is available in both open-collector (Am27S180) 
and three-state (Am27S181) output versions. These out- 
puts are compatible with low-power Schottky bus standards 
capable of satisfying the requirements of a variety of 
microprogrammable controls, mapping functions, code con- 





BLOCK 
Ag E 
Ag cp 
A? op 1 GF 64 
As co ROW 
| DECODER 
As == 
R4 ES 
A3 cD 
Aa — B 
PS COLUMN 
1 C2~ peconer 
Ag cD 
—_—K 
GLE, > 0 
Ga/Ea C 
G4/E4 CO 


@ Platinum-Silicide fuses guarantee high reliability, fast 
programming and exceptionally high programming 
yields (typ > 98%) 

@ Rapid recovery from power-down state provides mini- 
mum delay 


DESCRIPTION 


version, or logic replacement. Easy word-depth expansion 
is facilitated by both active LOW (G1 and Gg) and active 
HIGH (Gg and G4) output enables. 


This device is also available in a 300-mil. lateral-center DIP 
(Am27S280/27S281), as well as a power-switched three- 
state version (Am27PS181/27PS281). 
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*E nomenciature applies to the power-switched versions only (Am27PSXX). 


PRODUCT SELECTOR GUIDE 


Open-Collector 
Part Number 


Three-State 
Part Number 


Address Access 
Time 


Operating 
Range 
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Am27S281A 
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Am27S281 
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‘Am27S184/185/PS185 


8,192-Bit (2048 x 4) Bipolar PROM ~ 


DISTINCTIVE CHARACTERISTICS 


Ultra-fast access time ''A'' version (35 ns Max.) — Fast @ AC performance is factory tested utilizing programmed 
access time Standard version (50 ns Max.) — allow test words and columns : 
tremendous system speed improvements @ Voltage and temperature compensated providing ex- 
Platinum-Silicide fuses guarantee high reliability, fast tremely flat AC performance over military range 
programming and exceptionally high programming ® Member of generic PROM series utilizing standard 
yields (typ > 98%) programming algorithm 





GENERAL DESCRIPTION 


The Am27S184/185 (2048-words by 4-bits) is a Schottky microprogrammable controls, mapping functions, code con- 
TTL Programable Read-Only Memory (PROM). version, or logic replacement. Easy-word depth expansion 
This device is available in both open-collector (Am27S184) is facilitated by an active LOW (G) output enable. 

and three-state (Am27S185) output versions. These out- This device is also offered in a low-power, three-state 


puts are compatible with low-power Schottky bus standards version, the Am27LS185, as well as a power-switched © 
capable of satisfying the requirements of a variety of three-state version. — 
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PRODUCT SELECTOR GUIDE 


Open-Collector | ; | 
Three-State 
Part Number 278185A | | arstes 27LS185 27PS 185 
Address Access 
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Am27S190/27S191/PS191/LS191 Zf 
Am27S290/27S8291/PS291/LS291 


16,384-Bit (2048 x 8) Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


@ Fast access time allows high system speed @ Platinum-Silicide fuses guarantee high reliability, fast 
@ 50% power savings on deselected parts — enhances programming and exceptionally high programming 
reliability through total system heat reduction (27PS yields (typ > 98%) 
devices) @ Voltage and temperature compensated providing ex- 
® Plug in replacement for industry standard product — no tremely flat AC performance over military range 
board changes required @ Rapid recovery from power-down state provides mini- 


mum delay (27PS devices) 


GENERAL DESCRIPTION 
The Am27S190/191 (2048-words by 8-bits) is a Schottky is facilitated by both active LOW (G4) and active HIGH (Go 


TTL Programmable Read-Only Memory (PROM). and G3) output enables. 

This device is available in both open-collector (Am27S190) Pe 

and three-state (Am27S191) output versions. These out- This device is also available in 300-mil, lateral center DIP 
puts are compatible with low-power Schottky bus standards (Am27S290/278291). Additionally, this device is offered in 
capable of satisfying the requirements of a variety of a low-power, three-state version, the Am27LS191 and 
microprogrammable controls, mapping functions, code con- Am27LS291, as well as a power-switched, three-state 
version, or logic replacement. Easy word-depth expansion version, the Am27PS191 and Am27PS291. 
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*E nomenciature applies to the power-switched versions only (Am27PSXXxX). 


PRODUCT SELECTOR GUIDE 
Open-Collector Am27S190A, Am27S190, 
Part Number Am27S290A Am27S290 
Three-State Am27S191SA, Am27S191A, Am27S191, Am27LS191*, | Am27PS191A, Am27PS191, 
Part Number Am27S291SA Am27S291A Am27S8291 Am27LS291* Am27PS291A Am27PS291 
Address Access 
war te[=[«[*l=[=[*[*|=[«[*|* 
Operating Range Pc | Mfc TM | c tTuM tc tT mM tc tT uM yc 


*Advance Information applies only to ''SA"' version. 
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 Am27S20/21 


 1,024-Bit (256 x 4) Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


@ High speed @ Low-current PNP inputs 
@ Highly reliable, ultra-fast programming Platinum-Silicide ® High-current open-collector and three-state outputs 
fuses @ Fast chip select 


® High programming yield 


GENERAL DESCRIPTION 


The Am27S20/21 (256 words by 4-bits) is a Schottky TTL are compatible with low-power’ Schottky bus standards 


Programmable Read-Only Memory (PROM). capable of satisfying the requirements of a variety of . 


microprogrammable controls, mapping functions, code ver- 
This device is available in both open-collector (Am27S20) _ sion, or logic replacement. Easy word-depth expansion is 
and three-state (Am27S21) output versions. These outputs facilitated by active LOW (G1 and G2) output enables. 
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PRODUCT SELECTOR GUIDE 





| Open-Collector | , & | 
| Part Number mesa sie 
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Am278S25 


4096-Bit (512 x 8) Bipolar Registered PROM 
With Preset and Clear Inputs 


DISTINCTIVE CHARACTERISTICS 


'SA' version offers ultrafast AC performance (25 ns set- 
up and 12 ns clock-to-output) 

On-chip edge-triggered registers — ideal for pipelined 
microprogrammed systems 

Versatile synchronous and asynchronous enables for 
simplified word expansion 

Buffered common Preset (PS) and Clear (CR) inputs 


@ Slim, 24-pin, 300-mil lateral center package occupies 
approximately 1/3 the board space required by standard 
discrete PROM and register 
Consumes approximately 1/2 the power of separate 
PROM/register combination for improved system reli- 
ability 
Platinum-Silicide fuses guarantee high reliability, fast 
programming, and exceptionally high programming 
yields (typ > 98%) 


GENERAL DESCRIPTION 


The Am27S25 (512 words by 8 bits) is a fully decoded, 
Schottky array, TTL Programmable Read-Only Memory 
(PROM), incorporating D-type master-slave data registers 
on chip. This device has three-state outputs compatible 
with low-power Schottky bus standards capable of satisfy- 
ing the requirements of a variety of microprogrammable 
controls and state machines. 


This device contains an 8-bit parallel data register in the 
array-to-output path which allows PROM data to be stored 
while other data is being addressed. This meets the 


requirements for pipelined microprogrammable control 
stores where instruction execute and instruction fetch are 
performed in parallel. 


To offer the system designer maximum flexibility, this 
device contains both asynchronous and synchronous out- 
put enables as well as common asynchronous preset and 
clear register controls. 


Upon power-up the outputs (Qo — Q7) will be in a floating or 
high-impedance state. 
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PRODUCT SELECTOR GUIDE 


Part Number Am27S25SA 


Address Set-up Time (ns) 


Clock-to-Ouput Delay (ns) . 12 
| Operating Range 


Am27S25A 
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- Am27S828/27S29 | 


_ 4,096-Bit (512 x 8) Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


®@ High Speed . ® Low-current PNP inputs 
®@ Highly reliable, ultra-fast programming Platinum-Silicide @ High-current open-collector and three-state outputs 
fuses @ Fast chip select 





@ High programming yield 


GENERAL DESCRIPTION 


The Am27S28/29 (512-words by 8-bits) is a Schottky TTL are compatible with low-power Schottky bus standards 
Programmable Read-Only Memory (PROM). . capable of satisfying the requirements of a variety of 

microprogrammable controls, mapping functions, code con- 
This device is available in both open collector (Am27S28) version, or logic replacement. Easy word depth expansion 
and three-state (Am27S29) output versions. These outputs is facilitated by an active LOW (G) output enable. 
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‘PRODUCT SELECTOR GUIDE 


Open Collector | | 

Part Number Am27S28A Am27S28 
Three-State ; 

Part Number Am27S29A Am27S29 
Address Access 


Time 


Operating 
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Am27$32/27S33 


4,096-Bit (1024 x 4) Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


@ High speed @ Low-current PNP inputs 
@ Highly reliable, ultra-fast programming Platinum-Silicide ®@ High-current open-collector and three-state outputs 
fuses e@ Fast chip select ; 


@® High programming yield 


GENERAL DESCRIPTION 


The Am27S32/27S33 (1024-words by 4-bits) is a Schottky capable of satisfying the requirements of a variety of 
TTL Programmable Read-Only Memory (PROM). microprogrammable controls, mapping functions, code con- 

. teed version, or logic replacement. Easy word-depth expansion 
This device is available in both open-collector (Am27S32) is facilitated b tive LOW (Gi & Go tput enables 
and three-state (Am27S33) output versions. These outputs Porno ee ees (G4 2) outp ; 
are compatible with low-power Schotkky bus standards 
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PRODUCT SELECTOR GUIDE 
Open-Collector 


eerie Am27S32A Am27S32 








Part Number 


Three-State 

Part Number Am27S33A Am27S33 
Address | 
Operating 
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Am27S35/Am27$S37 
8,192-Bit (1024 x 8) Bipolar Registered PROM 
with Programmable INITIALIZE Input 


DISTINCTIVE CHARACTERISTICS 


@ Slim, 24-pin, 300-mii lateral center package occupies 
approximately 1/3 the board space required by standard 
discrete PROM and register 

@ Consumes approximately 1/2 the power of separate 
PROM/register combination for improved system reli- 
ability 


© Versatile programmable asynchronous or synchronous 


enable for simplified word expansion 
@ Buffered common INITIALIZE input either asynchronous 
(Am27S35) or synchronous (Am27S37) 


@ Platinum-Silicide fuses guarantee high reliability, fast | 


programming and exceptionally high programming 
yields (typ. > 98%) 


GENERAL DESCRIPTION 


The Am27S35 and the Am27S37 (1024-words by 8-bits) 
are fully decoded, Schottky array, TTL Programmable 
Read-Only Memories (PROMs), incorporating D-type mas- 
ter-slave data registers on chip. These devices have three- 
state outputs compatible with low-power Schottky bus 
standards capable of satisfying the requirements of a 
variety of microprogrammable controls and state machines. 


These devices contain an 8-bit parallel data register in the 
array-to-output path which allows PROM data to be stored 
while other data is being addressed. This meets the 
requirements for pipelined microprogrammable control 


stores where instruction execute and instruction fetch are 


performed in parallel. 


To offer the system designer maximum flexibility, these - 


devices contain both asynchronous (G) and synchronous 
(Gg) output enables. 


These devices contain a single pin initialize function capa- 
ble of loading any arbitrary microinstruction for system 
interrupt or initialization. On the Am27S35 this function 
operates asynchronously, independent of clock. The 
Am27S37 provides synchronous operation of this function. 


Upon power-up the outputs (Qo -- Q7) will be in a floating or 


high-impedance state. 
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PRODUCT SELECTOR GUIDE 


[Part Number Asynchronous Initialize | _Ama7S96A | Ama7S95 
Address Setup Time ———SS*d| ans 
[ Clock-to-Output Delay ——SS*dC ns | 
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Am27$41/27PS41 


16,384-Bit (4,096 x 4) Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


@ Ultra-fast access time ''A’' version (35 ns Max.) — Fast ®@® AC performance is factory tested utilizing programmed 
access time Standard version (50 ns Max.) — allow test words and columns 

@ Platinum-Silicide fuses guarantee high reliability, fast @ Voltage and temperature compensated providing ex- 
programming and exceptionally high programming tremely flat AC performance over military range 
yields (typ > 98%) @ Member of generic PROM series utilizing standard 


programming algorithm 


GENERAL DESCRIPTION 


The Am27S41 (4,096-words by 4-bits) is a Schottky TTL mapping functions, code conversion, or logic replacement. 
Programmable Read-Only Memory (PROM). Easy-word depth expansion is facilitated by active LOW 
(G1 & Go) output enables. 


This device has three-state outputs compatible with low- 
power Schottky bus standards capable of satisfying the This device is also offered in a power-switched version, the 
requirements of a variety of microprogrammable controls, Am27PS41. 
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*E nomenclature applies only to Am27PS power-switched versions. 
PRODUCT SELECTOR GUIDE 


Part Number 27S41A 27841 27PS41 





Address Access 


[Operating Range | c | w | c 
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Am27$845/Am27S47 


- 16,384-Bit (2048 x 8) Bipolar Registered PROM 
with Programmable INITIALIZE Input 


DISTINCTIVE CHARACTERISTICS 


"SA" version offers superior performance with 25 ns 
setup time and 10 ns clock-to-output delay” 

Slim, 24-pin, 300-mil lateral center package occupies 
approximately 1/3 the board space required by standard 
discrete PROM and register 

Consumes approximately 1/2 the power of separate 
PROM/register combination for improved system reli- 
ability | 


@ Versatile programmable asynchronous or synchronous 
enable for simplified word expansion 

® Buffered common INITIALIZE input either asynchronous 
(Am27S45) or synchronous (Am27S47) 

@ Platinum-Silicide fuses guarantee high reliability, fast 
programming and exceptionally high programming 
yields (typ. > 98%) 


GENERAL DESCRIPTION 


The Am27S45 and the Am27S47 (2048-words by 8-bits) 
are fully decoded, Schottky array, TTL Programmable 
Read-Only Memories (PROMs), incorporating D-type mas- 
ter-slave data registers on chip. These devices have three- 
state outputs compatible with low-power Schottky bus 
Standards capable of satisfying the requirements of a 
variety of microprogrammable controls and state machines. 


These devices contain an 8-bit parallel data register in the 
array-to-output path which allows PROM data to be stored 
while other data is being addressed. This meets the 
requirements for pipelined microprogrammable control 
stores where instruction execute and instruction fetch are 
performed in parailel. 


To Offer the system designer maximum flexibility, these 
devices contain a user programmable asynchronous or 
synchronous output enable. The unprogrammed state of 
the enable pin operates as an Asynchronous Enable (G) 
input. An architecture word permits the programming of the 
functionality of this pin to Synchronous Enable (Gs). 


These devices contain a single pin initialize function capa- 
ble of loading any arbitrary microinstruction for system 
interrupt or initialization. On the Am27S45 this function 
operates asynchronously, independent of clock. The 
Am27S47 provides synchronous operation of this function. 


If the architecture has been programmed to synchronous 
enable, upon power-up the outputs (Qo - Q7) will be in a 
floating or high-impedance state. 
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PRODUCT SELECTOR GUIDE 


[Part Number Asynchronous Initialize | 27S45SA"| 27S45A | 27845 _ 
Address Setup Time (ns) ———=«d;C25 | 28 | 40 | 45 | 45 | 80 | 
[ Glock-to-Output Delay (ns)___—_-+| 10 | 12 | 20 | 25 | 25 | 30 
Operating Range 1c }]M{|ci|lM. | M | 
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Note: Pin 1 is marked for orientation. 
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-Am27S55 


32, 768- Bit (4096 x 8) Bipolar: Registered PROM 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS | 


"A" version offers superior performance with 20 ns set- 
up time and 10 ns clock-to-output delay 

Slim, 24-pin, Aaa lateral center package occupies 
approximately ¥3 the board space required by standard 
discrete PROM and register 

Consumes approximately Y2 the power of separate 
PROM/register combination for improved system reli- 
ability 


@ User-programmable for Asynchronous Enable, Synchro- 


nous Enable, Asynchronous Initialize, or Synchronous 
Initialize 


@ Platinum-Silicide fuses guarantee high reliability, fast 


programming, and exceptionally high programming 
yields (Typ. > 98%) 


- GENERAL DESCRIPTION 


The Am27S55 (4096 words by 8 bits) is a fully decoded 
Schottky Array TTL Programmable Read-Only Memory 
(PROM) incorporating D-type master-slave data registers 
on-chip. This device has three-state outputs compatible 


with low-power Schottky bus standards capable of satisfy-- 


ing the requirements of a variety of microprogrammable 
controls and state machines. 


This device contains an 8-bit parallel data register in the 
array-to-output path which allows PROM data to be stored 
while other data is being addressed. This meets the 
requirements for pipelined microprogrammable control 


stores where instruction execute and instruction fetch are 
performed in parallel. , 


To offer the system designer maximum flexibility, this 
device contains a single programmable multi-functional 
input (G/Gs/I/Is). The unprogrammed state of this pin 
operates as an Asynchronous Enable (G) input. An archi- 
tecture word permits the programming of the functionality 
of this pin to Synchronous Enable (Gg), Asynchronous 
Initialize (I), or Synchronous Initialize (Is). 


If the architecture has been programmed to synchronous 
enable, upon power-up the outputs (Qo — Q7) will be in a 
floating or high-impedance state. 
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PRODUCT SELECTOR GUIDE 


Address Setup 25 30 
Time (ns) 

| Clock-to-Output 40 13 43 16 
Delay (ns) 

| Operating C C 
Range 


CONNECTION DIAGRAM 
Top View 
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Am27S65 


4096- Bit (1024 x 4) Bipolar Registered PROM 
with SSR ™ Diagnostics Capability - 


DISTINCTIVE CHARACTERISTICS 


On-chip diagnostic shift register for serial observability 
and controllability of the output register 
User-programmable Enable Pin for Asynchronous or 
Synchronous Enable operation | 
User-programmable Initialization Pin for Asynchronous 
or Synchronous Initialize operation 

Slim, 24-pin, 300-mil lateral center package permits a 
reduction in board space over standard discrete PROM 
and registers 


© Consumes approximately 2 the power of separate 
PROM/register combination for improved system reli- 
ability 


e Platinum-Silicide fuses guarantee high reliability, fast 


programming and exceptionally high programming 
yields (typ. > 98%) 
@ Increased drive capability, 24 mA lo. 


GENERAL DESCRIPTION 


This device contains a 4-bit parallel data register in the 
array-to-output path intended for normal registered data 
operations. In parallel with the output data registers is 
another 4-bit register with shifting capability, called a 
shadow register. As the name implies, the shadow register 
is intended to operate in the background. of the normal 
output data register. This shadow register can be used in a_ 
systematic way to control and observe the output data 
register to exercise desired system functions during a 
diagnostic test mode. 


To offer the system designer maximum flexibility, this 
device contains user-programmable architecture for Enable 
and Initialize. The unprogrammed state of these pins 
operates as Asynchronous inputs (G) and (I), respectively. 
An architecture word permits the programming of the 
functionality of these pins to Synchronous Enable (GS) and 
Synchronous Initialize (IS). A non-programmable Asynchro- 
nous Enable (G) is also provided. 
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PRODUCT SELECTOR GUIDE 
| Part Number | _27S65A | 27S65_| 27s65a | 27865 _| 


Address Set-up 
Clock-to-Output 
Operating | 
Sen |e fe | mH | 


CONNECTION DIAGRAMS 
Top View 
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Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL. 





LS002100 


4-251 


8192-Bit (2048 x 4) Bipolar Registered PROM _ 
with SSR™ Diagnostics Capability 


DISTINCTIVE CHARACTERISTICS 


On-chip diagnostic shift register for serial observability 
and controllability of the output register 
User-programmable synchronous and asynchronous 
Enables | 

User-programmable for synchronous or asynchronous 
Initialize 

Slim, 24-pin, 300-mil lateral center package permits a 
reduction in board space over standard discrete PROM 
and registers. 


@ Consumes approximately 1/2 the power of separate 
PROM/register combination for improved system reli- 
ability. 

@ Platinum-Silicide fuses guarantee high reliability, fast 
programming and exceptionally high programming 
yields (typ. > 98%). 

@ Increased drive capability, 24 mA Io. 


GENERAL DESCRIPTION 


This device contains a 4-bit parallel data register in the 
array-to-output path intended for normal registered data 
operations. In parallel with the output data registers is 
another 4-bit register with shifting capability, called a 
shadow register. As the name implies, the shadow register 
is intended to operate in the background of the normal 
output data register. This shadow register can be used in a 
systematic way to control and observe the output data 
register to exercise desired system functions during a 
diagnostic test mode. 


To offer the system designer maximum flexibility, this 
device contains user programmable architecture for Enable 
and Initialize. The unprogrammed state of these pins 
operates as Asynchronous inputs (G) and (I) respectively. 
An architecture word permits the programming of the 
functionality of these pins to Synchronous Enable (GS) and 
Synchronous Initialize (IS). 
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16,384-Bit (4096 x 4) Registered PROM 
with SSR™ Diagnostics Capability 


DISTINCTIVE CHARACTERISTICS 


@ On-chip diagnostic shift register for serial observability @ Consumes approximately 1/2 the power of separate 


and controllability of the output register PROM/register combination for improved system reli- 
@ User-programmable for Asynchronous Enable, Synchro- — ability. 

nous Enable, Asynchronous Initialize, or Synchronous © Platinum-Silicide fuses guarantee high reliability, fast 

Initialize programming and exceptionally high programming 
@ Slim, 24-pin, 300-mil lateral center package occupies yields (typ. > 98%). 


approximately 1/3 the board space required by standard ® Increased drive capability, 24 mA lo. 
discrete PROM and register. 


GENERAL DESCRIPTION 


This device contains a 4-bit parallel data register in the To offer the system designer maximum flexibility, this 
array-to-output path intended for normal registered data device contains a single programmable multi-functional 
operations. In parallel with the output data registers is input (G/GS/I/IS). The unprogrammed state of this pin 
another 4-bit register with shifting capability, called a operates an Asynchronous Enable (G) input. An architec- 
shadow register. As the name implies, the shadow register ture word permits the programming of the functionality of 
is intended to operate in the background of the normal this pin to Synchronous Enable (GS), Asynchronous Initial- 
output data register. This shadow register can be used in a ize (I), or Synchronous Initialize (1S). 

systematic way to control and observe the output data 

register to exercise desired system functions during a 

diagnostic test mode. 
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Am29PL141 


~Am29PL141 


Fuse Programmable Controller (FPC) 


DISTINCTIVE CHARACTERISTICS 


Implements complex fuse programmable state ma- 
chines 

7 conditional inputs, 16 outputs 

64 words of 32-bit-wide micro aren memory 

Serial Shadow Register (SSR M) diagnostics on chip 
(programmable option) 


@ 29 high-level microinstructions 
- Conditional branching 


- Conditional looping 
~ Conditional subroutine call 
- Multiway branch 
@ 20 MHz clock rate, 28-pin DIP 





GENERAL DESCRIPTION 


The Am29PL141 is a single-chip Fuse Programmable 
Controller (FPC) which allows implementation of complex 
state machines and controllers by programming the appro- 
priate sequence of microinstructions. A repertoire of jumps, 
loops, and subroutine calls, which can be conditionally 
executed based on the test inputs, provides the designer 
with powerful control flow primitives. 


The Am29PL141 FPC also allows distribution of intelligent 
control throughout the system. It off-loads the central 
controller by distributing FPCs as the control for various 


self-contained functional units, such as register file/ALU, 
I/O, interrupt, diagnostic, and bus control units. 


A microprogram address sequencer is the heart of the FPC. 
It provides the microprogram address to an internal 64- 
word by 32-bit PROM. The fuse programming algorithm is 
almost identical to that used for ae Programmable 
Array Logic family. 


As an option, the Am29PL141 may be programmed to have 
on chip SSR diagnostics capability. Microinstructions can 
be serially shifted in, executed, and the results shifted out 
to facilitate system diagnostics. 
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SSRIM Diagnostics Configuration 


METALLIZATION AND PAD LAYOUT 











Die Size: 0.211” x 0.202” 
Gate Count: 600 Equivalent Gates and 2K of PROM 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: A. Device Number | 
B. Speed Option (if applicable) 
C. Package Type | 
D. Temperature Range 
E. Optional Processing 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


. PACKAGE TYPE 

D = 28-Pin Ceramic DIP (CD 028) 

L = 28-Pin Ceramic Leadless Chip Carrier (CL 028) 
X = Dice 


. SPEED OPTION 
Not applicable 





A. DEVICE NUMBER/DESCRIPTION 
Am29PL141 
Fuse Programmabie Controller (FPC) 


Valid Combinations 


Valid Combinations list cnfigurations planned to be supported 
in volume for this device. Consult the local AMD sales office 
to confirm availability of specific valid combinations, to check 
on newly released valid combinations, and to obtain additional 
data on AMD's standard military grade products. 






Valid Combinations 
DC, DCB, 
AM29PL.141 tc’ xc 
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ORDERING INFORMATION 
APL and CPL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) 
products are processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, 

_ solderability, or surface treatment exceptions to those specifications. The order number (Valid Combination) is formed 
by a combination of: 


APL Products: A. Device Number 
B. Speed Option (if applicable) 


LPL 1d6cuiy 


CPL Products: A.Device Number 
B. Speed Option (if applicable) 


C. Device Class 
D. Package Type 
E. Lead Finish 


C. Package Type 
D. Temperature Range 
E. CPL Status 


APL Products 


AM29PL141 


Not applicable 


AM29PL.141. X A 
|, LEAD FINISH 
A= Hot Solder DIP 
—D. PACKAGE TYPE (per 09-000) 

X = 28-Pin (Ceramic DIP (CD 028) 

C. DEVICE CLASS 
/B = Class B 

B. SPEED OPTION 


A. DEVICE NUMBER/DESCRIPTION (include revision letter) 
Am29PL141 
Fuse Programmable Controlier (FPC) 





CPL Products 


A L141 L M iG: . 
|, CPL STATUS 
C= CPL Certified 
D. TEMPERATURE RANGE 
M = Military (~55 to + 125°C) 
Lenn , PACKAGE TYPE(per Prod. Nomenclature/ 16-038) 
/L = 28-Pin Ceramic Leadless Chip Carrier (CL 028) 
B. SPEED OPTION 





Not applicabie 


A. DEVICE NUMBER/DESCRIPTION (include revision letter) 
Am29PL141 
Fuse programmable Controller (FPC) 


Valid Combinations 









Valid Combinations 


Am29PL141 / BXA | 
Am29PL141 “7 LMC 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 







Group A Tests 


Group A tests consists of Subgroups: 
1, 2, 3, 7, 8, 9, 10, 11 
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PIN DESCRIPTION 


CC[SDI] Condition Code ((TEST) Input) 
When the TEST (P[24:22]) field of the executing 
microinstruction is set to 6 (binary 110), CC is selected to be 
the conditional input. (Note: In SSR diagnostic configuration, 
CC is aiso the Serial Data Input SDi.) 


CLK Clock (Input) | 
The rising edge clocks the microprogram counter, count 


register, subroutine register, pipeline register, and EQ flag. | 


P[15:8] (Outputs) 
Upper eight, general-purpose microprogram control outputs. 
They are enabled by the OE signal from the microprogram 
pipeline register. When OE is HIGH, P[15:8] are enabled, 
and when LOW, P[15:8] are three-stated. 


P[7:0] [DLCK, MODE] (Outputs) 
Lower 
Lower eight, general-purpose microprogram control outputs. 
They are permanently enabled. (Note: in the SSR diagnostic 
configuration, P[7] becomes the diagnostic clock input 
DCLK and P[6] becomes the diagnostic control input 
MODE.) 


ZERO 


RESET 3 , 

_ Synchronous reset input. When it is low, the output of the 
PC MUX is forced to the uppermost microprogram address 
(63). On the next rising clock edge, this address (63) is 
loaded into the microprogram counter, the microinstruction 
at location 63 is loaded into the pipeline register and the EQ 
flag is cleared. The CREG and SREG values are 
indeterminate on reset. 


T[5:0] 
Test inputs. In conditional microinstructions, the inputs can 
be used as individual condition codes selected by the TEST 
field in the pipeline register. The T[5:0] inputs can also be 
used as a branch address when performing a microprogram 
branch, or as a count value. . 


[SDO] 

Zero output. A Low state indicates that the CREG value is 
zero. (Note: In the SSR diagnostic configuration, ZERO 
becomes the Serial Data output SDO. This change is only 
on the output pin; internally, the zero detect functions is 
unchanged.) . 
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FUNCTIONAL DESCRIPTION 


Figure 1, the block diagram of the Am29PL141 FPC, shows 
logic blocks and interconnecting buses. These allow parailel 
performance of different operations in a single microinstruc- 
tion. The FPC consists of four main logic blocks: the micropro- 
gram memory, microaddress control logic, condition code 
selection logic, and microinstruction decode. A fifth optional 
block is the Serial Shadow Register (SSR). 


The microprogram memory contains the user-defined instruc- 
tion flow and output sequence. The microaddress control logic 
addresses the microprogram memory. This control logic 
supports high-level microinstruction functions including condi- 
tional branches, subroutine calls and returns, loops, and 
multiway branches. The condition code selection logic selects 
the condition code input to be tested when a conditional 
microinstruction is executed. The polarity of the selected 
condition code input is controlled by the POL bit in the 
microword. The microinstruction decode generates the control 
signals necessary to perform the microinstruction specified by 





PIPELINE neaaren 





the microinstruction part (P[31 : 16}) of the microword. The 
SSR enables in-system testing that allows isolation of prob- 
lems down to the IC level. 


MICROPROGRAM MEMORY 


The FPC microprogram memory is a 64-word by 32-bit PROM 
with a 32-bit pipeline register at its output. The upper 16 bits 
(P[31 : 16]) of the pipeline register stay internal to the FPC and 
form the microinstruction to contro! address sequencing. The 
format for microinstructions is: a one-bit synchronous Output 
Enabie OE, a five-bit OPCODE, a one-bit test polarity select 
POL, a three-bit TEST condition select field, and a six-bit 
immediate DATA field. The DATA field is used to provide 
branch addresses, test input masks, and counter values. 


The lower 16 bits (P[15 : 0]) of the pipeline register are brought 
out as user-defined, general purpose control outputs. The 
upper eight contro! outputs (P[15 : 8]) are three-stated when 
OE is programmed as a LOW. The lower eight control bits (P[7 
: O]) are always enabled. 


MODE: 


a es 
| 


2 & MEMORY 
” y V 
V V V 
(1s : 8] P(7 -6)** P[S :0} 
OUTPUTS 
BDR02330 


Figure 1. Am29PL141 Block Diagram 


*Note: These pins available only in SSR mode. 
**Note: These pins available only in normal mode. 
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MICROADDRESS CONTROL LOGIC 

The microaddress control logic consists of five smaller logic 
blocks. These are: 

PG MUX - The microprogram counter multiplexer 


P CNTR -Microprogram counter (PC) and_incrementer 


(PC + 1) 

SUBREG - Subroutine register (SREG) with subroutine 
mux (S MUX) 

CNTR -Count register (CREG) with counter sae 
(C MUX), decrementer (COUNTER-1) and zero 
detect 

GOTO ~~ - Specialized branch control logic 


The PC MUX is a six-bit, four-to-one multiplexer. It selects 
either the PC, PC+1, SREG, or GOTO output as the next 
microaddress input to the microprogram memory and to the 
PC. The PC thus always contains the address of the microin- 
struction in the pipeline register. During a Reset, the PC MUX 
output is forced to all ones, selecting location 63 of the 
microprogram memory. 


The P CNTR block consists of a six-bit register (PC) driving a 
six-bit combinatorial incrementer (PC+ 1). Either the present or 
the incremented values of PC can address the microprogram 
PROM. The incremented value of PC can be saved as a 
subroutine return address. The present PC value can address 
the microprogram PROM when waiting for a condition to 
become valid. PC+1 addresses the microprogram PROM for 
sequential microprogram flow, for unconditional microinstruc- 
tions, and as a default for conditional microinstructions. 


The SUBREG block consists of a six-bit, three-to-one multi- 
plexer (S MUX) driving a six-bit register (SREG). The three 
possible SREG inputs are PC+ 1, CREG, and SREG. SREG 
normally operates as a one-deep stack to save subroutine 
return addresses. PC+ 1 is the input source when performing 
subroutine calls and PC MUX is the output destination when 
performing return from subroutine. 


The CNTR block consists of a six-bit, four-to-one multiplexer 
(C MUX); driving a six-bit register (CREG); a six-bit, combinato- 
rial decrementer (COUNTER-1); and a zero detection circuit. 
The CNTR logic block is typically used for timing functions and 
iterative loop counting. 


The SUBREG and CNTR can be considered as one logic 
block because of their unique interaction. To explain this 
interaction, notice that both have an additional input source 
and output destination not used in typical operation—each 
other. This allows the CREG to be an additional stack location 
when not used for counting, and the SREG to be a nested 
count location when not used as a stack location. Thus, the 
SREG and CREG can operate in three different modes: 


1. AS a separate one-deep stack and counter. 
2. As a two-deep stack. 
3. As a two-deep nested counter. 


The GOTO logic block serves three functions: 


1. It provides a six-bit count value from the DATA Field in the 
pipeline register (P[21 : 16]) or from the TEST inputs (T[5 : 
0]) masked by the DATA Field (P[21 : 16]). 
(This is represented by T*M.) 


2. It provides a branch address from the DATA Field in the 
pipeline register (P[21 : 16]) or from the TEST inputs 
(T[5 : O]) masked by the DATA Field (P[21 : 16)]). 
(This is represented by T*M.) 


3, It compares the TEST pute 
(T[5 : O]) masked by the DATA Field (P21 : 16]), called 
T*M, to the CONSTANT Field from the pipeline register 
(P[27 : 22]). If a match occurs, the EQ Flip-flop is set. EQ 
remains unchanged if there is no match. Constant field bits 
that correspond to marked test bits must be ZERO. 


The EQ flag can be tested by the condition code selection 
logic. Multiple tests of any group of T inputs in a manner 
analogous to Sum-of-Products can be performed since a no 
match comparison does not reset the EQ flag. Any conditional 
branch on EQ will reset the EQ flag. Conditional returns on EQ 
will not change the EQ flag. RESET input LOW will reset the 
EQ flag. 


NOTE: A zero in the DATA Field blocks the corresponding bit 
in the TEST Field; a one activates the corresponding 
bit. 


The constant field bits that correspond to masked test field 
bits must be zero. A zero is substituted for masked test field 
bits. The 'POL' bit is.a ''don't care" when using test inputs to 
load registers. 


CONDITION CODE SELECTION LOGIC 


The condition code selection logic consists of an eight-to-one 
multiplexer. The eight test conditon inputs are the device 
inputs (CC and T[5 : 0]) and the EQ flag. The TEST field 
P[24 : 22] selects one of the eight conditions to test. 


The polarity bit POL in the microinstructions allows the user to 
test for either a true or false conditon. Refer to Table 2 for 
details. 


MICROINSTRUCTION DECODE 


The microinstruction decoder is a PLA that generates the 
control for 29 different microinstructions. The decoder's inputs 
include the OPCODE Field (P[30 : 26]), the zero detection 
output from the CNTR, and the selected test condition code 
from the conditional code selection logic. 


Am29PL141 SSR DIAGNOSTICS OPTION 


As a programmable option, the Am29PL141 FPC may be 
configured to contain Serial Shadow Register (SSR) diagnos- 
tics capability. SSR diagnostics is a simple, straightforward 
method of in-system testing that allows isolation of problems 
down to the IC level. 


The SSR diagnostics configuration activates a 32-bit-wide, D- 
type register, called a ''shadow'' register, on the pipeline 
register inputs. The shadow register can be serially loaded 
from the SDI pin, parallel loaded from the pipeline register, or 
held. The pipeline register can be loaded from the micropro- 
gram memory in normal operation or from the shadow register 
during diagnostics. A redefinition of four device pins is required 
to control the different diagnostics functions. CC also func- 
tions as the Serial Data Input (SDI), ZERO becomes the Serial 
Data Output (SDO), P[7] becomes the diagnostic clock 
(DCLK), and P[6] becomes the diagnostic mode control 
(MODE). The various diagnostic and normal modes are shown 
in Table 1. 


Serially loading a test microinstruction into the shadow register 
and parallel loading the shadow register contents into the 
pipeline register forces execution of the test microinstruction. 
The result of the test microinstruction can then be clocked into 
the pipeline register, as in norma! operation mode, parallel 
loaded into the shadow register, and serially shifted out for 


system diagnostics. 
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The general microinstruction format is shown below: 


Am29PL141 General Microinstruction Format 


31 30 26 25, 24 22 21 16 
c OPCODE POL TEST DATA 
DFROO730 
WHERE: 
OE = Synchronous Output Enable for P[15:8]. 
-OPCODE - = A five-bit opcode field for selecting one of the twenty-eight single data field microinstructions. 
POL = A one-bit test condition polarity select. 
0 = Test for true (HIGH) condition. 
1 = Test for false (LOW) condition. 
TEST = A three-bit test condition select. 
TEST[2:0] UNDER TEST 
000 T{0] 
001 T{1] 
010 T[2] 
011 T[3]} 
100 T[4] 
101 T[5} 
110 CC 
111 EQ 
DATA = A six-bit conditional branch microaddress, test input mask, or counter value field designated as 


Pl in microinstruction mnemonics. 


The special two data field comparison microinstruction format is shown below: 


Am29PL141 Comparison Microinstruction Format 


31 30 28 27 22 21 16 
c OPCODE CONSTANT DATA 
DFROO740 
WHERE: 
OE = Synchronous Output Enable for P[15:8]. 
OPCODE = Compare microinstruction (binary 100). 
CONSTANT = A six-bit constant for equal to comparison with T*M. 
DATA = A six-bit mask field for masking the incoming T[5:0] inputs. 
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TABLE 1. 

~ Outputs 

Shadow ‘Pipeline | | 
Set saat ac Register | Register plbaatels | 

Si-4 «Sj ; ue : i : ; . 

ve Normal Load Pipeline Register from 
Cpe pep | PROM: | PROM 
ue fob | sie | Hold aes Shadow Register from Pipeline* 
egister 

BESTE) Pj-S; Load Pipeline Register from Shadow 
Register 


Hold Shadow Register 


*S7, S6 are undefined. S15-Sg load from the source 8 driving pins P[15]—P[8]. If P[31] in the microword is a ONE, 
S15-Sg are loaded from the pipeline register. lf P[31] in the microword is a ZERO, S15-Sg are loaded from an external 
source. 








FUNCTION TABLE DEFINITIONS 


INPUTS 

H=HIGH X= Don't Care 

L= LOW t = LOW-to-HIGH transition 
| = High-to-Low transition _ 


TABLE 2. 


Input 
Condition 
Being Tested 
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Am29PL141 MICROINSTRUCTION SET DEFINITION 


Opcode 


OF 


@ = Other instruction 
© = Instruction being described 
€ = Register in part 


Mnemonics 


GOTOPL 


GOTOPLZ 


GOTOTM 


Description 


If (cond) Then Go To Pipeline 
Conditional branch to the address 
in the PL (DATA field). The EQ 
flag will be reset if the test field 
selects it and the condition 
passes. 


If (CREG = 0) Then Go To 
Pipeline 

Conditional branch, when the 
CREG is equal to zero, to the 
address in the PL (DATA field). 
This instruction does not depend 
on the pass/fail condition. The EQ 
flag will be reset if the test field 
selects it and the CREG is equal 
to zero. 


If (cond) Then Go To TM 
Conditional branch to the address 
defined by the T*M (T[5:0] under 


bitwise mask from the DATA field). 


This microinstruction is intended 
for multiway branches. The EQ 
flag will be reset if the test field 
selects it and the condition 
passes. 


if (cond) Then Go To Pipeline 
Else Go To (SREG) 

Conditional branch to the address 
in the PL (DATA field) or the 
SREG. A branch to PL is taken if 
the condition is true and a branch 
to SREG if false. The EQ flag will 
be reset if the test field selects it 
and the condition passes. 





P = Test Pass 
F = Test Fail 


> 
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M,N are arbitrary values in the CREG or SREG 


Execution Example 


PF001420 


PL (DATA) 40 
CREG #0 
41 


PF001430 





PF001440 


PF001451 
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Register Transfer Description 


if ( cond = true ) Then 
PC = PL(data) 
Elise 
PC = PC+1 





lf ( CREG =0 ) Then 
PC = PtL(data) 
Eise 
PC = PC+1 


lf ( cond = true ) Then 
= T*M 


Else 
PC = PC+1 


If ( cond = true ) Then 
PC = PlL(data) 
Else 
PC = SREG 
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Opcode Mnemonics 













Register Transfer Description 





Description Execution Example 


























ic CALPL. If (cond) Then Call Pipeline if ( cond = true ) Then 
Conditional jump to subroutine at . SREG = PC+1 
the address in the PL (DATA PC. = PL(data) 
field). The PC + 1 is pushed into Else 
the SREG as the return address. ~ PC = 


PC +1 
The EQ fiag will be reset if the -j=— PC+1 7 
test field selects it and the 
condition passes. 


PF001461 











1D CALPLN If (cond) Then Cail Pipeline, lf ( cond = true ) Then 
















Nested CREG = SREG 
Conditional jump to subroutine at ia = PC+1 
the address in the PL (DATA field) 30 C) P = PL(data) 
nested. The SREG and CREG are e 32 rer 





treated as a two-deep stack, the PC =PC +1 
PC +1 is pushed into the SREG 31 
as the return address and the 


previous SREG value is transferred 



















into the CREG as a nested return 32 CREG SREG 

address. The EQ flag will be reset O-=O PC +1 

if the test field selects it and the 33 7 32 a TVt 
a Z 

condition passes. 27 PL (DATA) 


PF001470 










If (cond) Then Call TM | 
Conditional jump to subroutine at 
the address specified by the T*°M 
(T[5:0] under bitwise mask from 
the DATA field). The PC +1 is 
pushed into the SREG as the 
return address. The EQ flag will 
be reset if the test field selects it 
and the condition passes. 


If ( cond = true ) Then 
SREG = PC+1 
= T*M 





























U 
.@) 
I 


PC +1 


PF001480 









1F CALTMN If (cond) Then Call TM, Nested if ( cond = true ) Then 
















Conditional jump to subroutine at CREG = SREG 
the address specified by the T*M 30 SREG = PC +1 
(T[5:0] under bitwise mask from he PC +1 PC = T*M 
the DATA field) nested. The 1K Else 

PC +1 is pushed into the SREG PC = PC +1 






as the return address and the 
previous SREG value is transferred 
into the CREG as a nested return 
address. The EQ flag will be reset s 
if the test field selects it and the 

condition passes. 







CREG SREG 
“2 PC +1 







32 


PF001490 
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Opcode 





05 


06 


Mnemonics 


LDPL 


LDPLN 


LDTM 


Description 


If (cond) Then Load Pipeline 
Conditional Load the CREG from 
the PL (DATA field). 


if (cond) Then Load Pipeline, 
Nested 

Conditional load the CREG from 
the PL (DATA field) nested. The 
CREG and SREG are treated as a 
two-deep nested count register, 
the previous CREG value is 
pushed into the SREG as a 
nested count, and the CREG is 
loaded from PL. 


If (cond) Then Load TM 
Conditional load the CREG from 
the T*M (T[5:0] inputs under 
bitwise mask from the DATA field). 


if (cond) Then Load TM, Nested 
Conditional load the CREG from 
the T*M (T[5:0] inputs under 
bitwise mask from the DATA field) 
nested. The SREG and CREG are 
treated as a two-deep nested 
count register, the previous CREG 
value is transferred into the SREG 
and the CREG is loaded from 
T*M. 





Execution Example 





lf ( cond = true ) Then 
REG PL(data) 
PC + 1 


PC + 1 


CREG 


‘ A.)=—— PL (DATA) 
a N 


o” 


PFO01510 





If ( cond = true ) Then 


SREG = CREG 
CREG = PL(data) 
30 PC = PC+1 
Else 
PC = PC+1 


SREG CREG 


F 
4-0 PL (DATA) 
N 


7” M 


PF001500 


lf ( cond = true ) Then 


CREG = T*M 

PC = PC+1 
Else 

PC = PC +1 


PF001520 


lf ( cond = true ) Then 
SREG CREG 
CREG T*M 
PC PC +1 
Else 
PC PC +1 


PF001530 
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Opcode ; Mnemonics 2 a Description ; Execution Example ; Register ‘Transfer Description 


PSH _ If (cond) Then Push ad . If (cond =. true ) Then 
Conditional push the PC + 1 into SREG = PC +1 
the SREG. PC = PC+1 

Else 


Am29PL141 


PC = PC+1 


PF0001540 





17 PSHN If (cond) Then Push, Nested | lf (cond = true ) Then 


Conditional push the PC +1 into CREG = SREG 
the SREG nested. This SREG = PC+1 
microinstruction treats the SREG PC = PC +1 
and CREG as a two-deep stack, 30 Else 
PC +1 is pushed into SREG and F PC = PC+1 
the previous value in SREG is 
transferred into the CREG. CREG SREG 
31 (¢)-----C)=—C)=— Pc +1 
Pp N 32 
32 
PF001550 
14 PSHPL If (cond) Then Push, Load | . if ( cond = true ) Then 
Pipeline CREG = PL(data) 
Conditional push the PC + 7 into SREG = PC +1 
the SREG and load the CREG SREG PC = PC+1 
from the PL (DATA field). 30 C) Else 
F. / 32 coe . PC = PC+1 
a “CREG 
31 = PL (DATA) 
32 
PF001560 
16 PSHTM if (cond) Then Push, Load TM lf ( cond = true ) Then 
Conditional push the PC + 1 into CREG = T*M 
the SREG and load the CREG SREG = PC+1 
from the T*M (T[5:0] under bitwise SREG PC = PC+1 
mask from the DATA field). 30 Else 
E Siar Per" PG = PC#1 
/ “ CREG 
31 on a TM 
p N 


PF001570 
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Opcode 





02 RET 





03 RETN 


00 RETPL 


RETPLN 


Mnemonics 








Description 





If (cond) Then Return 


Conditional return from subroutine. 
The SREG provides the return 
from subroutine address. 


If (cond) Then Return Nested 
Conditional return from nested 
subroutine. This microinstruction 
treats the SREG and CREG as a 
two-deep stack providing the 
SREG value as a return address 
and the CREG value as a nested 
return address that is transferred 
into the SREG. 


If (cond) Then Return, Load 
Pipeline 

Conditional return from subroutine 
and load the CREG from the PL 
(DATA field). The SREG provides 


the return from subroutine address. 


if (cond) Then Return Nested, 
Load Pipeline 

Conditional return from nested 
subroutine and load the CREG 
from the PL (DATA field). This 
microinstruction treats the SREG 
and CREG as a two-deep stack 
providing the SREG value as a 
return address and the CREG 
value as a nested return address 
that is transferred into the SREG. 






31 


32 


33 
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Execution Example | 


Lal 
orn 32 


SREG 





PFO001580 


SREG 


oe ra PC +1 


CREG SREG 
PO +1 
2 


SREG CREG 


52 P 32 


PFO01590 


SREG 


Oe PC +1 


CREG 


~-—C)~-— PL (DATA) 
P N 


PF001600 


SREG 


ZO re 


CREG SREG 
PC +1 
2 


SREG CREG 


--C=-OC—— PL (DATA) 
N 


32 


PFO01610 





Register Transfer Description | 


If ( cond 
PC = 


Else 


PC 


If ( cond 
PC 
SREG 

Else 
PC 


If ( cond 
CREG 
PC 
Else 
PC 


If ( cond 
PC 
SREG 
CREG 

Else 
PC 


true ) Then 
SREG 


PC +1 











: true ) Then 
SREG 
CREG 


PC +1 


true ) Then 


PL(data) 
SREG 


PC +1 


true ) Then 


SREG 
CREG 
PL(data) 


= PC+1 
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3 
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.-Mnemonics | 


DEC 


DECGOPL 





Description | | 


If (cond) Then Decrement 
Conditional decrement of the 
CREG. 


While (CREG #0) Wait Else 
Load Pipeline 

Conditional Hold until the counter 
is equal to zero, then load CREG 
from the PL (DATA field). This 
microinstruction is intended for 
timing waveform generation. If the 
CREG is not equal to zero, the 
same microinstruction is refetched 
while CREG is decremented. 
Timing is complete when the 
CREG is equal to zero, causing 
the next microinstruction to be 
fetched and the CREG to be 
reloaded from PL. This instruction 
does not depend on the pass/fail 
condition. 


While (CREG +0) Wait Else 
Load TM 

Conditional Hold until the counter 
is equal to zero, then load CREG 
from the T*M (T[5:0] under bitwise 
mask from the DATA field). This 
microinstruction is intended for 
timing waveform generation. If the 
CREG is not equal to zero, the 
same microinstruction is refletched 
while the CREG is decremented. 
Timing is complete when the 
CREG is equal to zero, causing 
the next microinstruction to be 
fetched and the CREG to be 
reloaded from T*M. This instruction 
does not depend on the pass/fail 
condition. 


If (cond) Then Go To Pipeline 
Else While (CREG +0) Wait 
Conditional Hold/Count. The 
current microinstruction will be 
refetched and the CREG 
decremented until the condition 
under test becomes true or the 
counter is equal to zero. If the 
condition becomes true, a branch 
to the address in the PL (DATA. 
field) is executed. If the counter 
becomes zero without the 
condition becoming true, a 
CONTINUE is executed. The EQ 
flag will be reset if the test field 
selects it and the condition 
passes. 








Execution Example 





~CREG ODECREMENTER 


PF001620 


CREG DECREMENTER 


N-1 


crea N 


p CREG = 0~~ 7) PL (DATA) 
| N 


PF001630 


-CREG DECREMENTER 


N-1 


\CREG #0 
CREG 


CREG = 0 --( )—— TM 


PF001640 


CREG DECREMENTER 


F AND CREG # 0 


PL (DATA) 
40 





PF001650 
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Register Transfer Description 


If ( cond = true ) Then 
~ CREG = CREG-1 
= PC+1 


~PC+1 


While ( CREG < > 0) 
CREG = CREG-1 
PC = PC 
End While 

CREG = PL(data) 

PC = PC+1 


While ( CREG < > 0) 
CREG = CREG-1 
PC = PC 
End While 

CREG = T*M 

PC = PC +1 


_ While ( cond = false ) 


If ( CREG< > 0) 
CREG = CREG—1 
PC = PC 
Else 
PC = PC+1 
End While 
PC = PL(data) 


Opcode 





Mnemonics 


WAIT 


Description 


If (cond) Then Go To Pipeline 

Else Wait 

Conditional Hold. The current 

microinstruction will be refetched 30 
and executed until the condition 
under test becomes true. When 
true, a branch to the address in 
the PL (DATA field) is executed. 
The EQ flag will be reset if the Pp 
test field selects it and the 

condition passes. 


While (CREG + 0) Loop to 
Pipeline 

Conditional loop to the address in 
the PL (DATA field). This 
microinstruction is intended to be 
placed at the bottom of an 
iterative loop. if the CREG is not 
equal to zero, it is decremented 
(signifying completion of an 
iteration), and a branch to the PL 
address (top of the loop) is 
executed. If the CREG is equal to 
zero, looping is complete and the 
next sequential microinstruction is 
executed. This instruction does not 
depend on the pass/fail condition. 
The EQ flag will be reset if the 
test field selects it and CREG is 
not equal to zero. 


While (CREG # 0) Loop to 
Pipeline Else Nest 

Conditional loop to the address in 
the PL (DATA field) nested. The 
SREG and CREG are treated as a 
two-deep nested count register, 
and the microinstruction is 
intended to be placed at the 
bottom of an "'inner-nested'"’ 
iterative loop. if the CREG is not 
equal to zero, the CREG is 
decremented (signifying completion 
of an iteration), and a branch to 
the PL address (top of the loop) 
is executed. If the CREG is equal 
to zero, the inner loop is 
complete, and the count value for 
the outer loop is transferred from 
the SREG into the CREG. This 
instruction does not depend on the 
pass/fail condition. The EQ flag 
will be reset if the test field 
selects it and CREG is not equal 
to zero. 
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Execution Exampie 


31 ef rc) 


PL (DATA) 





CREG = 0. 
: ~ 


“\ GREG 


Register Transfer Description 


If ( cond = true ) Then 
PC = PL(data) 


While ( CREG < > 0) 
CREG = CREG-1 
PC = PL (data) 
End While 

PC = PC+1 


CREG DECREMENTER 


PFO01870 


While ( CREG < > 0) 
CREG = CREG-1 
PC = PlL(data) 
End While 

CREG = SREG 

PC = PC+1 


SREG 
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Opcode 


op 


Mnemonics - 





CONT 


Continue The next sequential 
microinstruction is fetched 
unconditionally. 


Compare TM to Pipeline (DATA) 
This microinstruction performs 
bitwise exclusive-or of T*M (T[5:0] 
under bitwise mask from the DATA 
field) with CONSTANT (P[27:22)]). 
If T*M equals CONSTANT, the EQ 
flag is set to one which may be 
branched on in a following 
microinstruction. If not equal, the 
EQ flag is unaffected. This allows 
sequences of compares, in a~ 
manner analogous to sum-of- 
products, to be performed which 
can be followed by a single 
conditional branch if one or more 
of the comparisons were true. 
Note: The EQ flag is set to zero 
on reset or when EQ is selected 
as the condition in a branch. 
Conditional returns on EQ leave 
the flag unchanged. Constant 
field bits that correspond to 
masked test field bits must be 


-zero. This instruction does not 


depend on the pass/fail condition. 


Description. 
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Execution Example | 


| Register Transfer Description 





32 


- PF001690 


Compare T*M and PL(data) 
EQ = ((T [5:0] .AND. DATA). 
XNOR. CONSTANT) .OR. EQ 


: 
31 (@) TM # CONST 


_(_) SET EQ FLAG 
ad 
32 T*M = CONST 


PFO01701 







CALTMN [Call T*M Nested 





MICROINSTRUCTION SET TABLE 






poxi[Po+1| Data | NO [PO+1| How | Hod | NO 
PC +1 Hold Hold | Hold 
PC + 1 T*M Hold | Hold 
port] Po+1| SREG{ NO | PO+1| Hold | Hold | 
Data | Hold | Hold | Reset | SREG | Hold | Hold 
Data | Hold | Hold PC+1| Hold | Hold 
Data | Hold Hold | Hold 
ata = NO 
ata | Hold | Hold | Reset Hold | Hold 
Hold | Reset Hold 
ata [PO+1| SREG | Reset |PO+1| Hod | Hold 
M Reset Hold Hold 
Tem [| PC+1] SREG | Reset | PC+1] Hold | Hold _| 


PSHPL Push: Load Pipeline 


Qa 


ZiZjZzilz2ziZzi2 


PSHN Push Nested 
[FORK 


ee ee ee 
fone | me |S Fle | lem 
00 | _RETPL [Return Load Ppeine | x [ sae@ | Hod | Data | no [pc+1| How | hod [NO 
(oer own ———SSSS~=~wC‘SS*d SEG | Hos | Hod | NC] PO+1] Hold | How | NC 
[03 [RET [Retun Nested «tix _~( SRG | GREG | Hot Hoid | Hold 
Data | NC] PC+t] Ho | Hold | _NC_ | 
[05 | LDPLN [Load Pipaine Nested | x J rce1| crea | Data | no [pc+1| Hold | Hol 
oe [tow fiead tw SSCSC*dSCi «dt Hog [tm | No [rc+1| Hos | Hold | NC 
REG 
Ce ee ee 
(oe [BEC [Decrement ——SSCSC~idCi‘aSS*d TH NC NC 
ee ee ee 
[=o [rc+i| Hoa [sres{ nc | | | | +4 
- po+i| Hold | Hold | No | | | | 
me | #0 | | Hold |DCRMT; nc [ | ff 
0 | ec fooumtons Poe | orp er | ome REPO 
op | CONT [Continue X PC+1{ Hold | Hold | NC |PC+1]| Hold | Hold 
pc+a| How | rw | nc] || 
oF x [tw Hol Hod | Hod |_N 
10-13 | | 
= fest [ml fe mf 
Binary) 
SH 


GOTOPL Go to Pipeline 
WAIT Hold Pipeline 


DECGOPL Count: Hold Pipeline 


10 CALPL Call Pipeline 
1D CALPLN Call Pipeline Nested 
1E CALTM Call T*M 


oO 
oO 


4j;O Oo u 0 


M 
PSHTM Push: Load T*M 


Z2iZjZzizZziz 










EQ = ((T[5:0]. AND. DATA). XNOR. CONSTANT).OR. EQ 
CONSTANT field bits that correspond to masked test field bits must be zero. 
NC = No Change 


Notes: 

1. (/)Signifies two different operations may occur, depending on the condition. 

2. (:) Signifies two parallel operations on the same condition. 

3. The EQ flag will be affected only if the test field selects it, with the exception of instructions 10-13. 


4-273 


> 
3 
ND 
© 
"~ 
r 
wah 
as 
mar 





Am29PL 141 


"PROGRAMMING 


The Am29PL141 FPC is programmed and verified using a 
simple algorithm that is almost identical to that used for AMD's 
Programmable Array Logic family. The internal programmable 


array of the Am29PL141 is organized as a 64 word by 32 bit 


(column) PROM. The fuse to be programmed is selected by its 
address (1 of 64), the byte at that address (1 of 4), and the bit 


accomplished by applying a simple sequence of voltages on 
two control pins (CLK and CC). 


The fuse address is selected using a full decode of the T[5 : 0] 


‘in the byte (1 of 8). Control of programming and verifying is | | 


inputs, where T[5] is the MSB and T[0] the LSB. The one of - 


four byte addressing is done on the P[7] (MSB) and P[6] (LSB) 


outputs. The bit selection is done one output at a time by 


applying the programming voltage (Vop) to the output pin. The 
output pins that accept Vop are P[15 : 8]. A graphical 
representation of the fuse array organization for programming, 
with fuse numbering compatible to the JEDEC standard 
programmable logic transfer format, is shown in Figure 2. 


The complete program and verify cycle timing is shown in the 


programming waveform. A programming sequence is initiated 
by raising the CLK pin to Vy. This places the device in the 
program mode and disables the output pins so that they may 
be used as fuse addressing inputs. The next step is to address 
the fuse to be blown as previously stated. Note that bit 
selection, with Vop, should follow address and byte selection. 


-Raising the CC pin to Vyp initiates programming and lowering. 
Vop terminates programming. Lowering the CLK pin to a TTL 


LOW level places the device in the fuse verification mode by 
enabling the programming outputs, P[15 : 8]. Following.a clock 
pulse the fuse may be verified on the same output-as bit 


selection was performed. This scheme allows fuses to be 
verified in parallel as a byte if desired. The verification mode is 
terminated by lowering the CC pin back to a normal TTL level. 


SSR DIAGNOSTICS CONFIGURATION 
PROGRAMMING 


One additional fuse (#2048) is used to alter the configuration 
of the Am29PL141 to include on-chip SSR Diagnostics. This 
fuse is addressed by applying Vy to the RESET and T[5], 
followed: by Vop on pin P[15]. To verify the diagnostic fuse, 
P[7] and P[6] must select byte #3, i.e., P[7] must be low and 
P[6] must be high. 


PROGRAMMING YIELD 


AMD programmable logic devices have been designed to 
insure extremely high programming yields (> 98%). To help 
insure that a part was correctly programmed, once the 


_ programming sequence is completed, the entire fuse array 
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should be reverified at both low and high Vcc (Vcct and 
VocH). Reverification can be accomplished in a verification 
only mode (CC at V}4H) by reading the outputs in parallel. This 
verification cycle checks that the array fuses have been blown 
correctly and can be sensed under varying conditions by the 
outputs. 


AMD programmable logic devices contain many internal test 
features, including circuitry and extra fuses which allow AMD 
to test the ability of each part to perform programming before 
shipping, to assure high programming yields, and correct 
logical operation for a correctly programmed part. Program- 
ming yield losses are most likely due to poor programming 
socket contact, programming equipment that is out of calibra- 
tion, or improper usage of said equipment. 


JEDEC JEDEC 
FUSE 0 \ FUSE 31 


> 
3 

NO 
© 
"~ 
rr 
wh 
> 
woh 





vepec / | [ | | JEDEC 
FUSE 2016 : 7 , ~~ FUSE 2047 


BYTE SELECT 


P[15 : 8] 
PROGRAMMING CONFIGURATION 


PFROO0970 
JEDEC FUSE NUMBER = 32 (FUSE ADDRESS) + 8(3 - BYTE) + (7 - BIT) 


Figure 2. Programming Configuration 


BYTE SELECT 





= ae 


Ra CE TE 


Rr eer rr es 


0 L 
1 L 
2 L 
3 L 
4 H 
5 L 
6 L 
7 L 


COLUMN DECODE | 





IN OoOhoM—-o 
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ADTHTHAPTATATATH THT ATAPI TATA TA TH THT s Ta TI TI TPA Ts Ts Ps Tats tstsertstsrtsrtHet 


oat Tra Tid ts CECH ITTY Ssy Tris sw TITss TT sd TEI sTETIIsI TTI sg TTsas TTI as TTHsd As TC rT WI HITT HH eT 


SHoHHtIDTE TIGA s sd TTI Psss sn TTT ITss4s4s TI IT B44 s4s TIT rssssTrTrrTssssTrrrTsssysrrinr 


SAHAdHHdd4H4dHs TTT T ITT TIA tdsd sss snTITTITITITITAss4gssss4sTITTIIITTITTsassssssstTIrIrTrTrTiri_4e 


FUSE ADDRESS DECODE 


aad dtodd ddd oI III ITC TET ETT TTT TILT I TAs Iss TET T TTI TITITITITITITtITtrtrtTt 


aH ttt ttstdtdtss sts dd spss spss sts I I TOITTTT TIT ITITITrTTrTrTrTrTrTirtrTrTirTirrTirTirrTirirTiiriTes 


OrNnnwerNoOnm DOD 


FUSE 
ADDRESS — 


LpL id6écuy 
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PROGRAMMING PARAMETERS 1, = 25°C 


Control Pin Extra High Level Volts 


LVL 1d6cwy 





foKe s-10ma | ves | | mos 
Vop Program Voltage, P [15:8] @ 15-200 mA | 195 | 20 | 205 | Volts 
VIHP - Input High Level During Programming and Verify ee 
; VILP Input Low Level During Programming and Verify | 00 ~=6| os fo] Volts 
Vocp Vcc During Programming @ Icc = 425 mA a ee ee 
VCCL Vcc During First Pass Verification @ icc = 425 mA | oan [as | as | vots 
| VCCH Vcc During Second Pass Verification @ Icocg = 485 mA | 54) | arf 0] Volts 
VBlown Successful Blown Fuse Sense Level @ Output | 05 | Volts | 
dVop/at Rate of Output Voltage Change | 250 V/psec 


dVee/dt Rate of Fusing Enable Voltage Change (CC Rising Edge) 0 


tp Fusing Time First Attempt po 


Subsequent Attempts 
0 


ty Period During which Output is Sensed for Veiown Level Mees 


VONP Pull-Up Voltage on Outputs Not Being Programmed Vocp-9.3 | Vcocp Vocp + 0.3 Volts 
R Pull-Up Resistor on Outputs Not Being Programmed a ee eae ae eS ee KS. 


to Delays Between Various Level Changes 
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Am29PL141 


P 


PROGRAMMING 


Programming Waveforms 


FUSE ADDRESS 


PROGRAMMING VERIFY 


P 


SSR Diagnostics Configuration Programming Waveforms 
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‘WF020830 


WF020840 














ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ...............::cceeee ences -—65 to + 150°C 
(Ambient) Temperature Under Bias.......... -55 to +125°C 
Supply Voltage to Ground Potential 

(Pin 28 to Pin 14) Continuous .......... -0.5 V to +7.0 V 
DC Voltage Applied to Outputs 


(Except During Programming)....... -0.5 V to +Vcc Max. 
DC Voltage Applied to Outputs 

During Programming ..............scceeeeeseeesceesceeunenes 21 V 
DC Output Current, Into Outputs During 

Programming (Max Duration of 1 sec)............. 200 mA 
DC Input Voltage .............ceeeeeeseeeeeees ~0.5 V to +5.5 V 
DC Input Current ..............: cece ee ees -30 mA to +5.0 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 





\ 


OPERATING RANGES - 


Commercial (C) Devices 
Temperature .............c cece eecceseeeeeeeneaeeees 0 to +70°C 
Supply Voltage .................ceeeeeee +4.75 V to +5.25 V 


Military (M) Devices 
Temperature ....... 2.0... cece cece eeeeeneeeeeee -55 to +125°C 
Supply Voltage ...............ceeeeee ee ees +4.5 V to +5.5 V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified; included in Group A, Subgroup 1, 
2, 3 tests unless otherwise noted | | 








Output Leakage Current 
(Note 3) 


Notes: 











100 





1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vout = 0.5 V has 
been chosen to avoid test problems caused by tester ground degradation. 

3. I/O pin leakage is the worst case of lozx or lx (where X =H or L). 
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pA 
x 


LpL1d6cwly 





a a = —3.0 
V Output HIGH Voltage Voc = Min., Vin = Vin oF aS nie ce Le iets Volts 
oh ee : Vi ion==1.0 mA 
| =M = lo. = 16 mA COM'L 
Vv Output LOW Voltage Voc = Min., Vin = Vin or Flon=16 mA | COML | Volts 
_ Vi io = 12 mA 
ae 1) Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs | 20 | | ots 
Ae a4} Input LOW Level . Guaranteed Input Logical LOW Voltage for All Inputs | | 08 | vos | 
7 CLK -1.5 
m" Input LOW Current | Yoo™ Max | P15) 0.55 mA 
ee All other Inputs -0.50 lent 
Ez CLK 150 i 
fe Input HIGH Current yoo = Max | Pl 15:6] 100 A i 
| INS & All other inputs 25 
\ Input HIGH Current Voc = Max., Vin = 5.5 V a ee 
Isc Output Short Circuit Current Voc = Max., Vout = 0.5 V (Note 2) | -20 {| -80 | mA | 
; Too, Lan 010 70°C 7 ae 
| Ta = 70°C | | 400 
MIL = 
| To= 126°C 20] 
Vi Input Clamp Voltage Voc = Min, lin =-18 mA fT 4.2 | Volts | 
Voc = MAX, Vi, =0.8 V Vo = 2.4 V ee 
ViH = 2.0 V Vo =0.5 V Pee 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified; included in Group A. 


Subgroup 9, 10, 11 tests unless otherwise noted. (APL and CPL 
products only.) #. 
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COMMERCIAL MILITARY 


Description —.. Test Conditions 


Pr fokw reo) SC 
| 2 |CLKtoZERO 
Pa [pout S00 SSC 
ra 





4 | 

Ps [soi sp0 SSCS 

6 [TsO] to CLK Woe) 5 

6 
| 
ts 


soto OOK SSC~wdS 

| 

[13 [TI50] UK —SSS~dSC*«S Tt 
oes. 

| 15 | toCLK zs 7 

tH [16 |Modeto CLK 


Ee 
[a [Mode to OK 
cn 
im 


| 

[ex | 20 [CLK to Prise] Enable 

my LB [SEK Pulse Wieth (HIGH and LOW) 

___ [8 [oetk Pulse wath (HIGH anc LOW 
[24 [GLK and DGLK Period (Note 1) 


1. These parameters cannot be measured directly on unprogrammed devices. They are determined as follows: 
a. Measure delay from input (CC, T[5:0], or CLK) to PROM address out in test mode. This will measure the delay through the sequence 
logic. 
b. Measure setup time from T[5:0] input through PROM test columns to pipeline register in verify test column mode. This will measure the 
delay through the PROM and register setup. — oo | : 
c. Measure delay from T[5:0] input to PROM address out in verify test column mode. This will measure the delay through the logic and 
P[15:0] outputs. . m 
To calculate the desired parameter measurement the following formula is used: 
Measurement (a) + Measurement (b) - Measurement (c) 
CLK PERIOD: a fe 
CLK (a) + (b) -(c) = CLK PERIOD 
CC to CLK Set-up time: 
CC (a) + (b)-(c) = CC to CLK Set-up time 
T[5:0] to CLK Set-up time: 
T[5:0] (a) + (b) - (c) = T[5:0] to CLK Set-up time 


qi 
Oo 





tT 


+ = Not included in Group A tests 
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_ Test Philosophy and Methods 


The following points give the general philosophy that we apply | 
to tests that must be properly engineered if they are to be 





Am29PL141 


_ tion. 








implemented in an automatic testing environment. The specifics 
of what philosophies are applied to which test are shown in the 


data sheet and the data-sheet reconciliation that follow. | 


Capacitive Loading for AC Testing 


Automatic testers and their associated hardware have stray 
capacitance that varies from one type of tester to another, but | 
is generally around 50 pF. This, of course, makes it impossible . 


to make direct measurements of parameters that call for 
smaller capacitive load than the associated stray capacitance. 
Typical examples of this are the so-called ''float delays’’ that 


measure the propagation delays in to and out ofthe high- | 


impedance state and are usually specified at a load capaci- 
tance of 5.0 pF. In these cases, the test is performed at the 
higher load capacitance (typically 50 pF) and engineering 
correlations based on data taken with a bench setup are used 
to determine the result at the lower capacitance. 


Similarly, a product may be specified at more than one capacitive 
load. Since the typical automatic tester is not capable of 
switching loads in mid-test, it is impractical to make measure- 
ments at both capacitances even though they may both be 


greater than the stray capacitance. In these cases, a measure- __ 


ment is made at one of the two capacitances. The result at the 
other capacitance is determined from engineering correlations 
based on data taken with a bench setup and the knowledge that 
certain DC tests are performed in order to facilitate this correla- 


AC loads specified in the data sheet are used for bench 
testing. Automatic tester loads, which simulate the data-sheet 
loads, may be used during production testing. 


APPLICATION 


Cycle Time Calculation 


The Am29PL141 has a 40 ns set-up time requirement on the 
T[5:0] test inputs. 


If this set-up time is violated, the part may become metastable. 
It is therefore necessary to synchronize the test inputs with the 
CLK when the test inputs are asynchronous. 





"Threshold Testing 


The noise associated with automatic testing, the long inductive 
cables, and the high gain of bipolar devices frequently give rise to 


.. oscillations when testing high-speed circuits. These oscillations 


are not indicative of a reject device, but instead, of an overtaxed 
system. To minimize this problem, thresholds are tested at least 
once for each input pin. Thereafter, "hard'' high and low levels 
are used for other tests. Generally this means that function and 
AC testing are performed at "hard'' input levels. 


AC Testing 


AC parameters are specified that cannot be measured accu- 


rately on automatic testers because of tester limitations. Data- 


input hold times fall into. this category. In these cases, the 
parameter in question is tested by correlating the tester to 
bench data or oscilloscope measurements made on the tester 
by engineering (supporting data on file). 


Certain AC tests are redundant since they can be shown to be 
predicted by other tests that have already been performed. In 
these cases, the redundant tests are not performed. 


Output Short-Circuit Current Testing 


When performing log tests on devices containing RAM or 
registers, great care must be taken that undershoot caused by 
grounding the high-state output does not trigger parasitic 
elements which in turn cause the device to change state. In 
order to avoid this effect, it is common to make the measure- 


ment at a voltage (Voutput) that is slightly above ground. The 


Vcc is raised by the same amount so that the result (as 
confirmed by Ohm's law and precise bench testing) is identical 
to the Vout =9, Vcc = Max. case. 









By selecting the appropriate speed register, 50 ns cycle time 
can be achieved. : 


Register CLK-Q 10 ns 
Am29PL141 T[5:0]-CLK Set-up 40 ns 
Cycle Time 50 ns 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROM L TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


KEY TO SWITCHING WAVEFORMS 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 


“OFF” STATE 


KS000010 


SWITCHING TEST CIRCUITS 


Voc 


e S3 — 
| TCRO1340 


TCRO1330 
A. Three State Outputs 


B. Normal Outputs 


Notes: 1. CL = 50 pF includes scope probe, wiring and stray capacitances without device in test 
fixture. 
2. S;, Sz, and Sg are closed during function tests and all AC tests except output enable 
tests. . 
3. Sy and Sg are closed while So is open for tpz}, test. 
. C_ = 5.0 pF for output disable tests. 
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SWITCHING TEST WAVEFORMS | 


oara_VVVVVV WWW... a 
ial Mi —— aa. ao aa | 
| : : OUTEUE ——- 15 V 
ee scree’, am Tos 
PU econ ~ | Ss 
: et she Vv 
WFRO02971 _ INPUT a ANN “acme 


WFRO02980 





Set-up, Hold, and Release Times | Propagation Delay 


Notes: 1. Diagram shown for HIGH data only. 
Output transition may be opposite 
sense. 

2. Cross hatched area is don't care 
condition. 


Pulse Width Enable and Disable Times 


LOW HIGH-LOW 
xa —f—__\ _ 1.6 Vv 
HIGH-LOW-HIGH —__ a 

PULSE 7 eee at ee 15 V 


WFR02791 





WFRO02680 


Notes: 1. Diagram shown for input Control Enable-LOW 
and input Control Disable-HIGH. 
2. S;, So, and S3 of Load Circuit are closed 
except where shown. 


NOTE: Pulse generator for all pulses: Rate< 1.0 MHz; Zo = 50 2: tp <2.5 ns. 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT 


LPL 1d6cwiy 








ICRO0533 


Co=5.0 pF, all inputs 


THREE-STATE 
OUTPUT 


NORMAL 
‘OUTPUT 





Vec 





| eo 
| a : 
| : 
for 
~ | 
bi 
ICRO0524 


Co =5.0 pF, all outputs 


NOTE: Actual current flow direction shown. 
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-Am2971 


Programmable Event Generator (PEG) 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


® Twelve programmable, registered output waveforms 

Programmable event intervals down to 10 ns 

@ Multiplying phase-locked-loop (PLL) oscillator for im- 
proved timing accuracy 

@ Programmable ciock output for system reference at 1/5 
or 1/10 of internal phase-locked loop frequency 


@ Programmable control of timing sequence start and stop 
functions 

@ Can be clocked from either an external source or an on- 
board crystal oscillator 


GENERAL DESCRIPTION 


The Am2971 is a very versatile timing device. it can be 
used as a digital substitute for analog delay lines or as a 
general purpose user-programmable timing/waveform gen- 
erator. 


The Programmable Event Generator (PEG) has twelve 
independent, programmable, timing output waveforms. The 
resolution of the output waveforms is programmable down 
to 10 ns and the sequence start address is real-time user- 
definable. One out of eight start addresses may be selected 
to begin the timing sequence. The PEG can be clocked 
either by its 10-100 MHz on-chip PLL crystal oscillator 


BLOCK 
A =r 
Ay START 

AODRESS | 
; GENERATOR 
ho (40 FUSES) : 


TRIG TRIGGER | 
- POLARITY 
2 FUSES 


CONTROL 
LOGIC 





FLTR START/STOP 
CLK/X, (ft) 
CLOCK 
X CONTROL 
(6 FUSES) 
CLKOUT (fo) 

















DECODE 


NEXT ADDRESS/EVENT . 


INTERNAL CLOCK (f,) 


(with a clock output of 1/5 or 1/10 the PLL frequency) or by 
the existing system clock. The chip can be clocked up to 
100 MHz if the PLL is bypassed. 


The frequency of the internal clock (fc) can be programmed 
to equal 1x, 5x, 10x, 5/2x, 5/4x, 10/2x or 10/4x the PEG's 
input clock frequency (fj). Programming the PEG is done in 
the same way as a PROM. 


The Am2971 complements the Am2960 Dynamic Memory 
Support Family by allowing the user to optimize his system 
design for highest performance (see Figure 3). 
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Description id: 


Error Detection and Correction Unit 
Dynamic Memory Controller 

Memory Timing Controller with EDC Control 
Memory Timing Controller 


Publication # Rey. Amendment 
05280 Cc /0 


4.286 | ___'ssue_ Date: cl 1986 






TTL GNDi_ii2 


CONNECTION DIAGRAM 








Top View 
Q Q QO 
z z z 
« 8 GS G 
= ae 
ims a a a. 
4 3 1 
23{_JTRIG Xo 
221 JCLKOUT CLK/X 
21 It,, ip 
20 Tio 
Ay 
oC lt, 
Ao 
181_]T, 
17{_IT, To, 
16[_JT, % 
15 |_ JT; T2 
14 | _IT, T3 


on 
o 










CD005852 9 2 2 8 
pie = 
Note: Pin 1 is marked for orientation. 
LOGIC SYMBOL 
Xo 
CLKOUT 
LS002711 


4-287 






TRIG 


CLKOUT 


@ 





TTL Voc E 


CD00998 1 


“Lzezwiy 





| Am2971 


ORDERING INFORMATION (Cont'd.) 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 








_ a combination of: A. Device Number 


B. Speed Option (if applicable) 
C. Package Type 

D. Temperature Range 
E. Optional Processing 


AM2971 E 


A. DEVICE NUMBER/DESCRIPTION 


Am2971 


Programmable Event Generator 


| Valid Combinations 


PC, PCB, DC, 
AM2971 DCB, DE, DEB, 
LC, XC | 






Aes B. 7 | 
|, OPTIONAL PROCESSING 
Blank = Standard processing 
_ B=Burn-in 
D. TEMPERATURE RANGE 
- G=Commercial (0 to + 70°C) 
E = Extended Commercial. (-55 to + 125°C) 
——— C. PACKAGE TYPE 


P = 24-Pin Plastic DIP (PD 024) 

D = 24-Pin Ceramic DIP (CD 024) 

L = 32-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLRO32) 

X = Dice 


B. SPEED OPTION 
Not Applicable 


Valid Combinations 


Valid Combinations. list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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ORDERING INFORMATION 
APL Products 


> 
3 
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AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 
processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a 
combination of: A. Device Number 

B. Speed Option (if applicable) 

C. Device Class 

D. Package Type 

E. Lead Finish 


AM2971 /B s 





A 
Li. LEAD FINISH 


A= Hot Solder DIP 
C = Gold 


D. PACKAGE TYPE 
J = 24-Pin Ceramic DIP (CD 024) 
U = 32-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLRO32) 


C. DEVICE CLASS 
/B = Class B 


B. SPEED OPTION 
Not Applicabie 


A. DEVICE NUMBER/DESCRIPTION 
Am29714 
Programmable Event Generator 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 





Valid Combinations 
AM2971 | /BUA, /BUC | 
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- PIN DESCRIPTION 


TRIG Trigger (Input) 

The timing cycle of the PEG can be started on either the 
positive or negative edge of the start (TRIG) pulse. The 
polarity is defined by the user as a fuse option (fuse 621) in 
the TRIGGER POLARITY block. The trailing edge of the 
_start (TRIG) pulse may be used to stop the timing sequence. 
The STOP TRIG fuse (fuse 622) must not be blown if this 
option is desired. If the fuse is blown, the trailing edge of the 
start (TRIG) pulse will be disabled as a means of stopping 
the timing sequence. Instead, the PEG will search for a 
blown Stop Bit fuse in the Next Address/Event Generator. 
In the Program Mode, a high voltage level (Vop) is applied 
to the TRIG input (see Figure 5). 


Ag-Az2_ Addresses (Inputs (3)) 
These three bits define eight locations in the Start Address 
Generator. The Start Address Generator contains the user- 
programmed start locations. One of eight addresses can be 
selected for each cycle initiation. In the Program Mode, 
these inputs are unused and may be allowed to float. 


CLK/X; and X2  Clock/Crystal (Input/Output) 

These two pins serve as crystal inputs f; (see Figure 1). It is 
recommended that an AT Cut Parallel Resonant Crystal be 
used. An external clock may also be applied to the CLK/X, 
input with the Xo output left floating. Fuses 612 through 619 
(see Table 8) in the CLOCK CONTROL logic block. enable 
the user to set the internal clock frequency as a function of 
the crystal or input clock frequency. 


FLTR Filter 
This pin is used to connect a 0.47-yF filter capacitor 
between the phase-locked-loop and ground. — 


FUNCTIONAL DESCRIPTION 


The Programmable Event Generator (PEG) block diagram may 
be divided into four blocks: Clock Control, Start Address 
Generator, Next Address/Event Generator and Control Logic. 


Internal to the CLOCK CONTROL logic are five user-program- 
mable fuses. One of these (fuse number 620) is used to 
generate the desired output frequency (fo) on the CLKOUT 
option. The remaining four fuses (numbers 616 through 619) 
are used to generate the desired internal reference clock 
frequency (fc). As shown in Figure 2, there are a variety of 
internal reference frequency and external CLKOUT frequency 
options available as a function of input frequency (f;). The 
input frequency may be supplied either by an external source 
or by the internal PLL oscillator (with a crystal connected as 
shown in Figure 3). The reader is directed to Tables 6 and 7 
for an explanation of the possible internal frequency and 
output frequency options in regards to user programming. 


A timing sequence is initiated by a transition at the TRIG input. 
Two user-programmable fuses are located in the TRIGGER 
POLARITY block. One of the two fuses (fuse number 621) is 
used to define the polarity of the TRIG input. When the fuse is 
left unprogrammed, a timing sequence is initiated during a 
negative transition of the TRIG input. The second fuse in this 
block (fuse number 622) is used to define the end of a timing 
sequence. If this fuse is left unprogrammed, the timing 
sequence is stopped on the trailing edge of the TRIG pulse. If 
the fuse is programmed, the end of the timing sequence is 
defined by the Stop Bits as programmed into the Next 
Address/Event Generator functional block. 


A proper transition at the TRIG input initiates a timing 


sequence by latching the START ADDRESS GENERATOR . 


inputs, Ag — Ao. These latched inputs are used to select one of 


CLKOUT Output Ciock (Output) 

CLKOUT, fo, is a clock output pin which may be used for 
system reference. The output frequency for CLKOUT is 
either 1/5 or 1/10 the PLL clock frequency. It is fuse- 
programmable with the fuse located in the CLOCK 
CONTROL logic block. In the Program Mode, a high voltage 
level (VinH) is applied to CLKOUT for a period of time (tpF). 
Applying a steady-state VjHH voltage to this pin for a period 
in excess of 400 us is not recommended. 


To~T1i1 Timing Outputs (Outputs, Active HIGH) 
These are twelve timing outputs from the Next Address/ 
Event Generator. These outputs follow a user-programmed 
timing pattern. Next Address/Event Generator outputs are 
registered allowing for glitch-free operation. In the Program 
Mode, To through T10 function as address inputs to access 
each individual fuse. T19 through Tg serve as Coiumn 
Address inputs and T5 through To serve as Row Address 
inputs (see Table 8). T14 functions as a Data Input/Output 
in the Program Mode, providing access to the addressed 
fuse for programming and verification. 


Power, Ground TTL/PLL Power Pair 
Two power and two ground pins are required by the PEG 
chip. One power pair is used by the PLL (phase-locked-loop) 
and the internal ECL circuitry. The other power pair is used 
by the remainder of the chip (TTL). 


Note: A complete listing of all fuse numbers appears in 
Table 8 in the Programming Section of this 
specification. These numbers have been assigned for 
reference only. | 





eight different start addresses. The user defines these 5-bit 
start addresses by programming fuses 576 —- 615 as required. 
Each 5-bit start address defines a starting point for the timing 
sequence from thirty-two possible selections in the user- 
defined Next Address/Event Generator block. 


After the start address, subsequent addresses are generated 
from the information programmed into the NEXT ADDRESS/ 
EVENT GENERATOR. As defined in Tables 3 and 8, each of 
the thirty-two user-defined 18-bit data strings contain three 
pieces of information. The first 5 bits (fuses) are used to define 
the next address of the desired timing sequence (out of 32 
possible addresses within the Next Address/Event Genera- 
tor). The next 12 bits (fuses) are used to generate output 
waveforms to the twelve Timing Outputs (To — T11). These 12 
bits define the current logic level at each of the twelve timing 
ouputs. As the timing sequence progresses from address to 
address, these Timing Outputs will produce 12 independent 
waveforms, as defined by the user. Since both the address 
sequences and waveform logic ieveis are user-programmable, 
a wide variety of output patterns may be generated. One last 
bit (fuse), the Stop Bit, is used to define the end of a timing 
sequence. 


When the Trigger Polarity Stop fuse (fuse number 622) has 
been programmed, the timing sequence will no longer stop on 
the trailing edge of the TRIG pulse. The end of a timing 
sequence is instead defined by the Stop Bit in each of the 
thirty-two Next Address/Event Generator data strings. Each 
Stop Bit is activated by programming. When a Timing Se- 
quence addresses one of the thirty-two 18-bit data strings with 
a ''1"' programmed into the Stop Bit, the sequence is halted. 
Whenever a sequence is halted, the Timing Outputs (To — T714) 
will remain at the last value, as defined by the data string 


containing the active Stop Bit. 
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Each of the twelve timing waveform outputs (Tog — 174) from 
the Next Address/Event Generator has a minimum usable 
cycle of 40 ns (or 20 ns per change). When the PEG is 
operating at its maximum internal clock frequency (100 MHz), 
the outputs must be programmed to remain unchanged for at 
least two clock periods for each change of logic level. That is, 
although an output can only change every 20 ns minimum, the 
timing resolution between events may be as low as 10 ns. 
When the PEG's internal reference clock frequency (fc) is 
programmed to operate at 40 MHz or slower, the timing 
waveform can be programmed to change on every clock. 


Oscillator 


The Am2971 contains an inverting, linear amplifier which is 
intended to form the basis of a crystal oscillator. In designing 
this oscillator it is necessary to consider several factors 
related to the application. 


The first consideration is the desired frequency accuracy. This 
may be subdivided into several areas. An oscillator is consid- 
ered stable if it is insensitive to variations in temperature and 
supply voltage, and if it is unaffected by individual component 
changes and aging. The design of the Am2971 is such that the 
degree to which these goals are met is determined primarily by 
the choice of external components. Various types of crystals 
are available and the manufacturers’ literature should be 
consulted to determine the appropriate type. For good temper- 
ature stability, zero temperature coefficient capacitors should 
be used (Type NPO). For extreme temperature stability, an 
oven must be used or some other form of temperature 
compensation applied. 


Absolute frequency accuracy must also be considered. The 
resonant frequency varies with load capacitance. It is there- 
fore important to match the load specified by the crystal 
manufacturer for a standard crystal (usually 32 pF), or to 
specify the load when ordering a special crystal. It should then 
be possible to determine from the crystal characteristics the 
load tolerance to maintain a given accuracy. If the ''set-on" 
error due to load tolerance is unacceptable, a_ trimmer 
capacitor should be incorporated for fine adjustment. 


The mechanism by which a crystal resonates is electrome- 
chanical. This resonance occurs at a fundamental frequency 
(1st harmonic) and at all odd harmonics of this frequency 
(even harmonic resonance is not mechanically possible). 
Unless otherwise constrained crystal oscillators operate at 
their fundamental frequency. However, crystals are not gener- 
ally available with fundamental frequencies above 20-25 MHz. 
At higher frequencies, an overtone oscillator must be used. In 
this case, the crystal is designed to oscillate efficiently at one 
of its odd harmonic frequencies and additional components 
are included in the oscillator circuit to prevent it oscillating at 
lower harmonics. 


Where a high degree of accuracy or stability is not required, 
the amplifier may be configured as an L-C oscillator. it may 
also be driven from an external clock source if operation is 
required in synchronous with that source. 


ist Harmonic (Fundamental) Oscillator 


The circuit of a typical 1st harmonic oscillator is shown in 
Figure 3. The crystal load is comprised of the two 68 pF 
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capacitors in series. This 34 pF approximates the standard 32 
pF crystal load. If a closer match is required then one of the 
capacitors should be replaced with a parallel combination of a 
fixed capacitor and a trimmer. The nominal value of the 
combination should be 60 pF to provide proper crystal loading. 


A typical cryatal specification for use in this circuit is: 


Frequency Range: 2-20 MHz 
Resonance: At Parallel Mode 
Load: 32 pF 
Stability: 0.1% or to match systems requirements 
Case: H-17 — for smaller size 
Temp Range: -30 to +70°C 
Note: Frequency will change over temperature. 


It is a good practice to ground the case of the crystal to 
eliminate stray pick-up and keep all connections as short as 
possible. 


Note: At fundamental frequencies below 6 MHz it is possible 
for the oscillator to operate at the 3rd harmonic. To prevent 
this a resistor should be added in series with the Xo pin as 
shown in the circuit diagram. 


The resistor value should match the impedance of C: 
1 


2r fC 
Design Considerations (reference Figure 1) 


R=Xc= 





1. Oscillator external connections should be less than 1” 
long — wirewrap is not recommended. 


2. Vcc and GND connections should be less than 1/2” long to 
power plane. 


3. Supply decoupling includes both high frequency and bulk 
storage elements. 


4. The same considerations apply for 3rd overtone configura- 
tions. 





1 pF 
PF0O01071 


Figure 1. Typical External Connections 
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AF003871 


Figure 2. Clock Options 


APPLICATIONS 


The Am2971 Programmable Event Generator (PEG) is a 
universal, programmable digital delay line and timing/wave- 
form generator which provides the designer an alternative to 
the expensive and difficult to use analog delay line. Because 
of the device's programmability and large number of outputs, it 
can replace several different delay lines at one time. The user 
is no longer restricted to the fixed, single event delay line. As 
one. suggested application, this device can easily be used to 


Am2936B, 
Am2968A 
DYNAMIC 
MEMORY 
CONTROL. | 


ADDRESS = 


MEMORY CONTROL 
| DMC CONTROL | 


Am2969 


EDC/MTC TIMING| 


EDC CONTROL if 


CONTROLLER 


{ — 7TC002531 
R=Xc= 

$ 2n fi 
R=0 for 6-20 MHz 


for 2-6 MHz 
Cc 


Figure 3. Fundamental Oscillator 


generate timing for the Am2968 Dynamic Memory Controller 
and the Am2969 Memory Timing Controller. 


AMD's Dynamic RAM Memory Support system solution is 
shown in Figure 4. Typically, the Timing Controller generates 
the Row Address Strobe Input (RASI) signal whenever a 
refresh or a memory cycle is requested. This signal provides a 
leading edge to the TRIG input of the PEG chip, thus initiating 
the user-defined timing sequence. Custom-tailored waveforms 
are generated at the Timing Outputs (Tqg- 1741), providing 
proper and precise sequencing between the Am2968 and 
Am2969 for optimum system performance. 


DYNAMIC MEMORY 
ARRAY 
USING 1M, 256K, 64K, or 16K 


| BUFFERS 
j Am2960A 


EDC UNIT 


SYSTEM DATA BUS 


AF003633 


Figure 4. 16-Bit High-Performance Computer Memory System Application 


PROGRAMMING 


Programming and Verification Overview 


The fuse links in the PEG are manufactured using AMD's 
Platinum-Silicide fuse technology. Before the device is pro- 
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grammed, it can be verified to be unprogrammed by raising 
TRIG to Vop, applying appropriate voltages (Vip and Vj,_p) to 
the Timing Outputs (Programming Address Inputs), To — T10, 
lowering CLKOUT to Vi_p, and observing the output voltage 
on T44 (Programming Data Input/Output). in the Programming 



















Verify Mode, Timing Outputs, To-1T40, serve as Row and Most links will open within the programming time as specified = 
Column Address Inputs for each individual fuse. Timing in the Programming Parameters Table. Occasionally a link will ry 
Output, T44, reflects the condition of the addressed fuse. be stronger and will require additional programming cycles. © 
initially, T44 should be at Vo._p as each fuse is addressed, Successive links are programmed in the same manner until all woh 


indicating an unprogrammed state. desired bit locations have been programmed. 








The fuse to be programmed is selected by applying the 
appropriate voltage levels (Vip and Vi_p) to the Timing 
Outputs, To to T1o (with To to Ts acting as Row Address 
Inputs and Tg to T19 acting as Column Address Inputs). The 
fuse is programmed with an input voltage, Vip, on Timing 
Output, T14, and an input voltage, Vin, on CLKOUT (see 
Figure 5 and Table 1). 


When all programming has been completed, the voltage on 
CLKOUT is lowered to Vi_p and all voltage source removed 
from T;4. The entire array should be verified according to the 
steps in Table 2. The fuse status of each bit location may be 
observed at T;4. An unprogrammed fuse will indicate Vo_p 
and a programmed fuse will indicate VoHp. 





\ 


| 
t+ PROGRAMMING CYCLE 


PROGRAMMING EQUIPMENT INFORMATION 


‘Data 1/0 
10525 Willows Rd., N.E. 
Redmond, WA 98052 


Programmer | 
Models) 29 or 19 







PROGRAMMING 
ADDRESSES 
To = Tro 


Source 
and Location 









ae Ot ee ee Ene Om at Oe ee ee oe OO a eee em 


\ | 
| 
@ (Verxour) \ 
j 
— | _— 
| | 
CLKOUT ! 
bege——t} | \ Vv 
1 ty te § to te | | 1 torr - = 
| \ 







| 
ots ! ue | Seeley | 
| | rane aa Ere ae : Module 960 1942 001 






PUT 4, 
\. MERIEY, W/L 2 OU. 


dy Hi Impedance 


(after CLKOUT has gone to Viup 
remove any applied voltage at T,,) 


Logicpak 
Socket ) : 
| Family and Device 97 | 
ri Code 7 a ry 7: i nv x os . 





WF009882 : . 
The machines noted above have been qualified by AMD to 
Figure 5. Timing Diagram for Programming insure high programming yields. Check with the factory to 
and Verify Mode determine the current status of vendors noted TBA or other 


available models. 













TABLE 1. PROGRAMMING PROCEDURE 


e This disables To -T414 as outputs and prepares the chip for _ 
Set TRIG'= Vop programming. 


Set CLKOUT = Vipp This will three-state T44 ‘and cause it to float up to Vipp 


SS This prepares T1; to accept the programming current which 
Set 111 = ViHP after tp will be gated through CLKOUT. 





Description 





a CLKOUT = Vin after tp for a programming time, This gates the programming current to T34 
PF 


Set CLKOUT = Viyp This removes the programming current from CLKOUT. | 
7 Remove applied voltage from T+ 


This sets up 744 as output for Program Verification. 















TABLE 2. PROGRAM VERIFICATION PROCEDURE 





Q . Conic 


Set TRIG = Vop atter tg Le remains at Vop during the entire programming/verify 


| Set CLKOUT = Vip after tg This enables T14 as an output. 
Verify T44 = VoHp This condition occurs if programming has been successful. 


| 8b sCVeerify T14 = Voie This condition occurs if programming has been unsuccessful. 






Notes: 1. If verify indicates programming has been successful, proceed to the next fuse and program using the programming steps of the 
previous table. 


2. If verify indicates programming has been unsuccessful, return to the same fuse and re-attempt programming using the programming 
time, tps. 
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TABLE 3. PROGRAMMING NEXT ADDRESS/EVENT GENERATOR FUSES 


TIMING OUTPUTS 
(PROGRAMMING ADDRESS INPUTS) — 


PROGRAM | ROW ADDRESS COLUMN ADDRESS | PROGRAM 
FUNCTION BIT T 13 To 11 ‘To | To To Ts Tr Te” 
NEXT ADDRESS 


NEXT EVENT 





NEXT ADDRESS 


see unaloDDDDDOCOD COC OOCOODOC0N0 
ee © COlOAFOMVOMAWMACAWNAO 
eee COlODDDDDODDOCODDOOO0O000 
©2200 CODD DDDODC OOOO OCOCOO 
Pee DOIODDDDDDDDODDODDOODOCOO 
e2e200 cooosccccc0ec00000 
PEON Wololol-t-T-1-t-T-1-T-T-i-f-1-1-t-T— 
e2e200 440000000000000000 
©2200 Sip aan 2s ees eee 
 Molol Kolo a a a Sokololol ene et fololole) 
eee id SS he a pe ere 
eee HO] HOR OHA OHA OHB OHA OM OAOHA0 


NEXT EVENT 


STOP 
NEXT ADDRESS 


NEXT EVENT 


SCUSFOCDVNAMAWN=AOCRONM=O/OTS 
climbs Co oa a Sea ek ee ee se 
sr Sk ae OS oie os Se aaa ee 
a ee ee ee ee ee ee ee en ee ee ee ee en ee ee 
ae ee Rotor) 
=4=DOODCDDDDDCDDDGCOOO]==0 
Ko ee ee ee okoololokololol kokon 
COH=2==2=000024232=0000/00— 
Ajdiuwouuesusosases oo- 
4AD+AO+020+0=0-0-0-0]/-0- 


Notes: 1. During programming of Next Address/Event Generator Fuses, T5 = Vitp 
2. Refer to Table 8 for additional information. 


TABLE 4. PROGRAMMING START ADDRESS GENERATOR FUSES 


TIMING OUTPUTS 
(PROGRAMMING ADDRESS INPUTS) 
ROW ADDRESS COLUMN ADDRESS ae 
(NOTE 2) 

















eee =O; RON=Ol/hOM—O 





eee COLODODDOJOD0OO0O 





eeoem=s(OOod00l(o000oo 
eecoe OO] 2-23 -/00000 
eeco@®@ OOfHf42=+=00/7-7++-00 





ceaoe0<cocm=m/s3O0O-47—/-00—-— 





eoe0 =Oj}]O_0-0/0-0-0 


















ah ot at ah | OO 
ma~OdoOn—!/ = © 
o-O-0;/0+ 





NNANNN 
PROMO; RO 
ak, ek, oh awk ooh ab ook 
edagck ope at 
aba et OO] 


Notes: 1. Ts =T10 Vip. T3=1T4=T9 = ViLp 
2. Refer to Table 8 for additional information. 
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TABLE 5. PROGRAMMING TIMING AND CONTROL FUSES 


TIMING OUTPUTS 
| (PROGRAMMING ADDRESS INPUTS) 
COLUMN ADDRESS PROGRAM 
FUSE 
BIT (NOTE 2) 


LZ6cuiy 


PROGRAM 
FUNCTIONS 








616 See Table 6 
Internal Clock Frequency ae LE 





619 See Table 6 


[620 «See Table 7 
See Table 7 






External Clock Frequency 


TRIG Input Polarity 


Notes: 1. Ti9=T5=13=Vinp, T4=T2=11=To = Vip 
2. Refer to Table 8 for additional information. 


=—-;|;OoOrhroon°oo- 
o1rojyjo7} er oo 


| — - = © 


=-{—[—,~OoO/;-+i!1o-o-—- 


—_ 
_ 


TABLE 6. INTERNAL CLOCK FREQUENCY TRUTH TABLE 








FUSE STATE 


COLUMN | 
(NOTE 4) 26 25 24 23 








INTERNAL CLOCK FREQUENCY BIT 3 2 1 0 
fo = fy) x 10 0 0 0 0 
fo = f, x 10 x 1/2 0 0 0 1 
fo = fi x 10 x 1/4 0 0 1 0 
fo = fi x 5 1 0 0 0 
fo = fy x 5 x 1/2 1 0 0 1 
fo = fi) x 5 x 1/4 1 0 1 0 
fo = fi X 1 0 0 
Notes: 1. 1 = Programmed 
0 = Unprogrammed 
X = Don't Care 
2. f| = Input Frequency 
fo = Internal Clock Frequency 


3. Refer to Table 5 for additional information. 
4. Column Numerals in this table are decimal representations of the binary column address signals applied to Timing Inputs, 
T19-T., to program or verify individual fuses (see Table 8). 





TABLE 7. CLKOUT/TRIG POLARITY/STOP BIT TRUTH TABLE 


COLUMN 
FUNCTION | (NOTE 5) 27 28 29 


Output Clock Frequency 





fo = fo/10 
fo = fpLL/5 


Positive Edge Trigger 
Negative Edge Trigger 


Stop On TRIG Trailing Edge 
Stop When Stop Bit = 


| 


TRIG Polarity 


Stop (Note 4) 


x x 
X X 
x 0 X 
x 1 X 
X x 0 
| X X 1 





Notes: 1. Programmed 

0 Unprogrammed 
Don't Care 
Output Clock Frequency (CLKOUT) 
PLL Internal Clock Frequency 
to Table 8 for additional information. 
Stop Bit is unprogrammed, the sequencer will be free-running and will not halt until a new TRIG pulse is issued. 

. Column numerals in this table are decimal representations of the binary column address signals applied to Timing Inputs, 
T1i9~- 1.6, to program or verify individual fuses (see Table 8). 
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TABLE 8. JEDEC FUSE NUMBERS* 





BLOCK : | 





COLUMN 










NEXT CURRENT EVENT 2 
ADDRESS B To-T11 B 
ROW 5 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 —_— —_— 
13 234 235 2386 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 — —— aa 
14 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 — — _— NEXT ADDRESS/ 
15 270 271 272 273 #274 #275 276 #277 #278 #278 #280 281 282 283 284 285 286 287 _ —_ —_ EVENT 
16 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 — = — GENERATOR FUSES 


START ADDRESS 
FUSES 















CLOCK CONTROL & 

| ren | , | = __ Bee TRIGGER POLARITY FUSES** 

*Row and Column numerals in this table are decimal number representations of the Binary Row and Column address signals applied to Ts - To and T19 — Tg respectively to program or verify each fuse individually. In this | 
table, the reader should not confuse the use of T49 — To as address inputs to program or verify fuses and the use of T;4 — Tg as Timing Outputs providing 12 programmable, registered output waveforms during normal 


operation (the output, T17, provides the fuse condition during program or verify). 
**Includes: finternal CLK, CLKOUT, TRIG Polarity and Stop Bit. 







PROGRAMMING PARAMETERS (Ta = 25°C) (Note 1) 


VIHH Control! Pin Extra High Level : 


[10 | 120 30) 
eon ieae a ozone 









nN 
b 

















Vv Input HIGH Level During Programming and 
IHP | Verify 
VILP 
Rate of Output Voltage Change 
dVy,,/dt | (T11 Rising Edge) | 
dVciKour/dt 
Programming Time First Attempt, tpr 
Programming Time Subsequent Attempts, tps 
Output HIGH Level During 


Input LOW Level During Programming and 

Verify 

Rate of Fuse Enable Voltage Change 
Ie SS asain het 2 Delays Between Various Level Changes 100.0 
Notes: 1. Parameters are guaranteed by design — not tested. 






Output LOW Levei During 
Programming and Verify 


Voc During Programming 
@ loo = 280 mA Ci 
(CLKOUT Rising Edge) | 100 | 
ee a 
~ Reriod During which Timing Output, Tp 
is Valid for Program Verification 
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Parameter Parameter 
Symbol Description 
Output HIGH Voltage 


| 


| oe 2) Output Short Circuit Current 
oe 3 Power Supply Current 





ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -65°C to +150°C 
Ambient Temperature with 
Power Applied 
Supply Voltage to Ground Potential 
Continuous (TTL Voc and PLL Vcc) 
DC Voltage Applied to Outputs For 
High Output State : 
DC Input Voltage 
DC Input Current 


-55°C to +125°C 
0 V to +7.0 V 
0 V to +Vcc max. 


~0.5 V to +5.5 V 
-18 mA to +5.0 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 
Temperature (Ta)... 0 to +70°C 
TTL Voc and PLL Voc 5.0 V +10% 
MI 255 Seto Svea es ioma anectreiere piasidepaedewiad serecasm need 4.50 V 
Max. .......05- G decivenas aise Guinea weds easy sa aes ....5.50 V 


Extended Commercial (E) or Military* (M) Devices 
Temperature (Tc) -55 to +125°C 
TTL Voc and PLL Vcc 5.0 V +10% 

MI ails yeas canameo rat eciu ance esac tehetreana sss 4.50 V 
MON Fete etal denitn wane tindoe ranch aunxeieoqaeseensen 5.50 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


*Military Product 100% tested at To = +25°C, +125°C, 
and -55°C, 


DC CHARACTERISTICS over operating range unless otherwise specified 





Voc = Min., 


Voc = Min., 


Output LOW Voltage 


Input HIGH Voltage 
to CLK/X4 


Voc = Min. 
Voc = Min., 
Vin = 3.0 V 


Voc = Max., 
VIN =2.7 V 


Voc = Max., 
Vin = 0.5 V 


Voc = Max., 
Vin = 0.5 V 


Voc = Min., 
VIN = 4.0 V 


Voc = Max., 
Vin = 5.5 V 


Voc = Max., 


Input HIGH Current 


input LOW Current 





Input Current 


Vcc = Max., 
Vin=0 V 


Voc = Max. 


Notes: 1. Does not apply to CLK/X1 and Xo. 


3. Ico varies with temperature and oscillation frequency. 


VIN = Vint or Vit 


Vin = Vin or ViL 


Guaranteed input HIGH Voltage for All Inputs 
Guaranteed Input LOW Voltage for All Inputs 
Guaranteed Input HIGH Voltage for All Inputs 


Guaranteed input LOW Voltage for All Inputs 


Vin = Voc - 0.5 


Test Conditions Min. Max. 


COM'L. 27 


lon =-1 mA 


lol =8 mA 


lin =-18 mA 


| 

ok 

1S) 
A 


CLK/X4, Xo 
Ao-Aa2 and TRIG 
CLK/X4, Xa 
Ao -Ag2 and TRIG 


CLK/X4, Xo 


= 
Bs 


= 
e 


> 
} 
I 

> 
© 


TRIG 100 


Vo=0V ~15 —100 


T =-55°C, 0°C, +25°C 
T=+70°C, + 125°C 


is 
| > 


) 
2. No more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


~ Parameter Parameter —_ | - 
No. Symbol Description — Test Conditions 


> 
3 
N 
© 
= 


a) PLL Frequency Multiplication Mode (TTL Input 
@ CLK/X}) 


b) PLL Frequency Multiplication Mode (Crystal @ ae 
SAeRRIN CLK/X; Input CLK/X4, Xa) 
1 @ CLK/X Clock Frequency c) Flow-through Mode MHz 
1 (Note 2) (PLL bypassed) (TTL 

Input @ CLK/X}) 

d) Flow-through Mode (PLL bypassed) (Crystal @ 
CLK/X4, Xo) | 

2 tRISE @ CLKOUT Rise Time 14 

| CLKOUT (Note 2) 








3 tFALL @ CLKOUT Fall Time 
| CLKOUT (Note 2) 
4 tRISE_@ To-T11 Rise Time 


To- 1141 (Note 2) 


if : tFALL @ To-T14 Fall Time 
To - 11414 (Note 2) 


t @ Skews between the 
6 SKEW To-T14 Outputs (LOW-to- | C, =50 pF 
To- M11 iti 
HIGH Transition) 


t @ Skews between the 
Zl pew To - 144 Outputs (HIGH-to- | C, =50 pF 
. oni" LOW Transition) 
; @ Skews between the | 
8 SKEW To - 144 Outputs (Mixed Cy = 50 pF | 
o7'1 Transition) 
tseT TRIG TRIG_/~ to CLK/X, a) PLL Frequency Multiplication Mede (Nete 2) | 
_/ Setup Time eee, 


to CLK/X; 


ee 
aol fh 


b) Flow-through Mode (PLL bypassed) 


—- 


© 


to CLK/X, _/ Setup Time b) Flow-through Mode (PLL bypassed) 


4 
2 
1 


i 


ToT To-141 Outputs b) Fiow-through Mode (PLL bypassed) 


i. tget TRIG TRIG —\_.to CLK/X; a) PLL Frequency Multiplication Mode (Note 2) 


/ Propagation Delay from a) PLL Frequency Multiplication Mode (Note 2) 
1 tpp CLK/X1 to | CiK/xX, _/ to the : 


0 
8.5 
5 
0 





13 tseTt Ao -A2 Ao- Ag Inputs to TRIG PLL Frequency Multiplication Mode/Flow-through 
to TRIG —/ (Note 3) Mode (PLL bypassed) 


tpn CLK/X; to Propagation Delay from 
12 PD 1 CLK/X; to the CLKOUT PLL Frequency Multiplication Mode (Note 2) 17.5 
| CLKOUT rs 
utputs 
14 tHOLD Ao - Az Ao- Ag Inputs to TRIG PLL Frequency Multiplication Mode/Fiow-through 11.0 
to TRIG _/_ Hold Time (Note 3) Mode (PLL bypassed) 


Calculated Switching Characteristics 


tPERIOD Timin ; i 
: g Resolution between - 
15 ak @ the To-T44 Outputs 1/f; (1a or 1c) 


16 tpwH @ TRIG TRIG Input Pulse Width a) PLL Frequency Multiplication Mode tgeT (9a) + 1/fo +5 
(Calculated) (HIGH State) (Note 1) b) Flow-through Mode (PLL bypassed) tseT (9b) + 1/f, +5 


2 tpw. @ TRIG | TRIG Input Pulse Width a) PLL Frequency Multiplication Mode _ Vic 
(Calculated) (LOW State) (Note 1) b) Flow-through Mode (PLL bypassed) tseT (10b) 
és vO dis Se Delay from TRIG _“~ to a) PLL Frequency Multiplication Mode tseT (9a) + 1/fo + tpp (11a) 
o- 141 eas Bs 
(Calculated) To-T11 Active b) Flow-through Mode (PLL bypassed) tseT (9b) + 1/f) + tpp (11b) 


a 





“i ro To-Tht Delay from TRIG ™ to a) PLL Frequency Multiplication Mode tseT (10a) + 1/fo + tpp (11a) 
(Calculated) To-T11 Inactive b) Flow-through Mode (PLL bypassed) tseT (10b) + 1/f + tp (11b) 


Notes: 1. Not Tested; calculated using other parameters. 
2. Not Tested; correlated. 
3. Only Ao is tested. 
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SWITCHING TEST CIRCUIT 


TC003132 


A. Outputs 


Notes: 1. C, = 50 pF, the load capacitance includes scope probe, wiring, and stray capacitance without the 
device in the test fixture. 
2. S; and Se are open during all DC and functional testing 
3. During AC testing, switches are set as follows: 
1) For Voyt > 1.5 V, S1 is closed and Se open 
2) For Vout < 1.5 V, Sq is open and S2 closed» 





SWITCHING TEST WAVEFORM 


Output 


WF021341 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROM L TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 





> 
3 

o 
~“ 
och 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 

STATE 

UNKNOWN 
CENTER 
LINE IS HIGH 


IMPEDANCE 
“OFF” STATE 


KS000010 


SWITCHING WAVEFORMS 


wots KK KKK KKK KK 
ee 


rae) o 


TRIG 


CLK/X, 


CLKOUT 3 2 


@ 
Oo 


qT 








Cy 
on KXXXKKKXXKKKXXK KKK 


WF022521 


, k® LO 


Ty# Ty 


WF022530 


Rise Time/Fall Time/Skews 
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2 ote TAT +4 Ld 


TYPICAL PERFORMANCE CURVE. 







os See j Ez 
RECERTEe eet t o e 
84 tt te tt th Te = 125°e 
Pen ee ee aren 
TUITERRISISSRR' Sone Eee Se 


a a 
r Par eee 
BSEREREREERERERE 2S 


ee a” 


Vin ~ VOLTS 


PF001081 


_CLK/X4 Crystal iput Characteristics 
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INPUT/OUTPUT CIRCUIT DIAGRAMS 


Driven Input 
Vec 


Driving Output 
Voc 


IC000910 


Output Configuration for CLKOUT 
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SECTION 5 — GENERAL cl 
INFORMATION 


5.1 
5.2 
5.3 


5.4 


Cross Reference Guide 
Package Outlines 


Technical Report — Package Thermal 
Characteristics 


AMD Sales Offices 











5.1 CROSS REFERENCE GUIDE 


AmPAL18P8 (Generic) 








Competitors Part Numbers 


PAL10H8 DMPAL10H8 AmPAL18P8 
PAL10L8 DMPAL10L8 AmPAL18P8 
PAL12H6 DMPAL12H6 AmPAL18P8 
PAL12L6 DMPAL12L6 AmPAL18P8 
PAL14H4 DMPAL14H4 AmPAL18P8 
PAL14L4 DMPAL14L4 AmPAL18P8 
PAL16H2 DMPAL16H2 AmPAL18P8 
PAL16L2 DMPAL16L2 AmPAL18P8 
PAL16P8 DMPAL16P8 AmPAL18P8 

PLHS18P8* AmPAL18P8 


Competitors Speed/Power Version 








National 


cima 
aa eee ee eae 
am £11 N11 ie EC 


20-PIN PAL DEVICES Aaenene) 











Competitors Part Numbers 


| UMM S«dTSséCNaational” «~=—s| sTSCi«dT:Ssiti‘é tr: | AMD 


PAL16L8 DMPAL16L8 (TIB)PALI6L8 — | AmPAL16L8 
PAL16R4 DMPAL16R4 (TIB)PAL16R4 | AmPAL16R4 


PAL16R6 DMPAL16R6 (TIB)PAL16R6 AmPAL16R6 
PAL16R8 DMPAL16R8 (TIB)PAL16R8 7 AmPAL16R8 





Competitors Speed/Power Version 


National : | | Other | 
ear 


a aaiee er eee a eee oT eee 
este te tee 
[a [asrieo|eorie0] a |asrteo|aorieo] a [asrieolaores] | | | _« [s/teo|a07100 
[2.2 [25700 20/00 | 2 | 25/0 | 20700 |-28/-0]25/s00]0/105| | | | AL [25/00] 20/00, 
[24 fasres[ooss| | | | | | | | |_| © |asvs | «ors. 
[8 _|1s/s00]20/160] 6 | s0/s00|20/%00)-s/-e]serve0]zorieo| | | | 8 _[1s/s00)20/100 
[—Jasrseo]asrie0] —[osrreolasrreol_ | | | | | | Nate 26/100] 40/100 


*Signetics 
**Cypress 





Notes: 1. Types with two numbers follow this nomenclature: Commercial/Military. 
2. log = 80 mA for AmMPALI6L8 
3. log = 155 mA for AmPAL16L8 
4. Extended Commercial temperature range. 


a] 





AmPAL20EV8 





Competitors Part Numbers 







AmPAL10H20EV8 AVAIL. Q486 
AmPAL10020EV8 AVAIL. Q486 
AmPAL10H20EG8 AVAIL. Q486 
AmPAL10020EG8 AVAIL. Q486 


Competitors Speed/Power Version 
COML en 
TYPE 
I Oe 8/220 8/220 


AmPAL22V 10 








Competitors Part Numbers 


MMI | _National A A a a 
a S| paLzavio__ | CYPALC22V10"" AmPAL22V 10 


Competitors Speed/Power Version 


TYPE TYPE’ TYPE 
| A | asv180 | 30/180 | -25/-30 | 25/80 30/100 | A | 25/180 | 30/180 
Po T= 857-40 | 95780 40/100 | BLANK | 35/180 | 40/180 


AmPAL23S8 








Competitors Part Numbers 


| MM! | __ National SS ES 
ES ES AmPAL23S8 AVAIL. Q486_ 


Competitors Speed/Power Version 





COML 
20/ 200 


25/200 
-2 27/200 27/200 


30/2004 27/200 


ENHANCED 24-PIN XOR PAL DEVICES 








Competitors Part Numbers 


AMD 











AmPAL20XRP4 AVAIL. Q486 
AmPAL20XRP6 AVAIL. Q486 
AmPAL20XRP8 AVAIL. Q486 
AmPAL20XRP10 AVAIL. Q486 
AmPAL22XP10 AVAIL. Q48é 





PAL20X4 DMPAL20X4 TIBPAL20X4 
PAL20X8 DMPAL20X8 TIBPAL20X8 
PAL20X10 DMPAL20X10 TIBPAL20X10 


See notes on page 5-1. 



























| | Competitors Soced/Power Versions 

ee A ne 

| ee ot 

ee en io reo! ma | | come | | COML | MIL | MIL 
TYPE ic toallee | tenes | TYPE a0 tooflee | TYPE! tro/lcc Ee 
Tse sR ee ne 3 a 
oa bane hasa0] j— _ Ee sca } -30/-35 | 30/180 | 35/180 | 


[Fecrsif 20/00 | 25760 


emia hoot ~40/-45 | 40/180 | 45/180 


eRe ee a eta eae eae Seo Tee TD eee eet 1 ad IRL ey nee ee ‘cbr sana tii nica cle ei ish 


2PANDARO 24-PIN PAL DEVICES 


COMETH Th! tT eI SIE aera PEA MIL NCL SLT TEN RMR 4 YAN ALE ETI TOL TONE AL, TM LPN TIONS SVM PR HOTT I va 
ty 
Com petite nc) Part Hlumiders 

Fees a deere te ence elite dai Rea baie 





Mi | National 


“PAL2OLE | — DMPAL20L3 (T13)PAL20L8 AmPAL20L8 AVAIL. Q486 
PALSORS DIMPAL20R4 (TIB)PAL20R4 | AmPAL20R4 AVAIL. Q486 
PAL OF | DMPAL29R6 (TIB)PAL20R6 | AmPAL20R6 AVAIL. Q486 
> | DMPAL20R8 | ——_(TIB)PAL20R8 | AmPAL20R8 AVAIL. Q486° 
| DMPAL2OLIO | (TIB)PAL2OL10- | AmPAL20L10 AVAIL. Q486 


ears seine MI So ESE BE MEIN AE eh ORIEN ALEC 





YI 
ele) 




























| C OCA. | 


prose rsonmmuaaace 


ABER 


OR! NOEL AREA ANOS 


[fenflcc | tep/lec 


TLD TD, STG 2h TIBI 8 NORTE 


c tg Ee Ss I Type 

















Tae re par 00 | 40/700 ae eee 


Th 











! : . | AmPAL20RP4 AVAIL. Q486 
3 | BMPAL2ORES | AmPAL20RP6 AVAIL. Q486 
: | OMMPALSORPR | | AmPALZORP8 AVAIL. Q486 
| | AmPAL20RP10 AVAIL. Q486 


i 4 
( 
i 








AmPAL22P10 AVAIL. Q486 


‘ 4 
(2) UDR TOTAL TN SRE TNT pa AR ISA Re EY base A RSM a atop ta pa rin 2m aah NESTA RTE NERA ANAL VID SOT RAC 





St BIE RE on ET SAS IA TEM TPS HNL, TARLAC OO EOC SAT LT INS Th uD. 
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5.2 PACKAGE OUTLINES 


Plastic Dual-In-Line Packages (PD) 
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_. Ceramic Hermetic Dual-in-Line Packages (CD) — 
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Ceramic Hermetic Dual-in-Line Packages (CD) (Cont'd.) 


CD3024 








TL (yeas © 
125 ou | da oe 2 } 


160 022 


PID # 06850B 






—- Ky —| | Fy co [— 005 MIN. 
| fq | som 
7 ca 


PID # 06837A 


5-7 


Ceramic Flatpacks (CF) _ 
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Plastic Leaded Chip Carriers (PL) 
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Ceramic Leadless Chip Carriers (CL. & CLR) 
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Ceramic Leadless Chip Carriers (CL & CLR) (Cont'd.) 
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PID # 06841C 
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ABSTRACT 


Determination of the Thermal Resistance of Packaged De- 
vices is of concern to the designer of new devices and to AMD 
customers. The Advanced Package and Material Develop- 
ment group has undertaken the task of characterizing current 
_AMD products and quantifying package-related influences on 
Thermal Resistance. This report describes some of these 
effects and the technique used to measure Thermal Resis- 
tance. 


1.0 DEFINITION OF THERMAL 
RESISTANCE 


The reliability of an integrated circuit is largely dependent on 
the maximum temperature which the device will attain during 
operation. Because the stability of a semiconductor junction 
declines with increasing temperature, knowledge of the ther- 
mal properties of the packaged device becomes an important 
factor during device design. In order to increase the operating 
lifetime of a given device, the junction temperatures must be 
minimized. This demands knowledge of the thermal resistance 
of the completed assembly and specification of the conditions 
in which the device will function properly. As devices become 
both smaller and more complex and the requirement for high 
speed operation becomes more important, heat dissipation 
will become an ever more critical parameter. 


Thermal resistance is defined as the temperature rise per unit 
power dissipation above some referenced condition. The unit 
of measure is typically °C/watt. The relationship between 
junction temperature and thermal resistance is given by: 


T = Tx + Py 6, (1) 


where: T, = junction temperature 
Ty  =reference temperature 
Py = power dissipation 


0, = thermal resistance 
X = some defined test condition 


in general, one of three conditions is defined for measure- 
ment of thermal resistance: 


6, ~ thermal resistance measured with refer- 

- ence to the temperature at some specified 
point on the package surface. 

6, — thermal resistance measured with respect 

(still air) to the temperature of a specified volume of 

. still air. 

6; — thermal resistance measured with respect 

(moving air) to the temperature of air moving at a 


specified velocity. 
The relationship between 4,, and 6, is 


Bin = G+ Ice 

where 6,, is a measure of the heat dissipation due to natural 
convection (still air) or forced convection (moving air) and the 
effect of heat radiation and mounting techniques. 4,, is 
_ dependent solely on material properties and package geome- 
try; 9, includes the influence of the surface area of the 
package and environmental conditions. Each of these defini- 
tions of thermal resistance is an attempt to simulate some 
manner in which the package device may be used. 


The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component mate- 
rials and the geometry of the heat flow paths. Like other 


5-13 


material properties, thermal conductivity is usually tempera- 
ture dependent. For alumina and silicon, two common pack- 
age materials, this dependence can amount to a 30% 
variation in thermal conductivity over the operating tempera- 
ture range of the device. The thermal resistance of a compo- 
nent is given by 


L 
K(T)A 


(2) 


where: L 
A 


=length of the heat flow path 

= cross sectional area of the heat 

| flow path 

K(T) = thermal conductivity as a function of 
temperature 


and the overall thermal resistance of the assembly 
(discounting convective effects) will be: 


0 


26, 





But since the heat flow path through a component is influ- 
enced by the materials surrounding it, determination of L and 
A is not always straightforward. 


A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e., power distribution and power density. By 
rearrangement of equation 1 to 


1 
Pg = 0. (T;- Ty) (3) 


x 


1 
- 50. (T|- Tx) 


the relationship between P, and T; can be more clearly seen. 
Thus, to dissipate a greater quantity of heat for a given 
geometry, T; must increase and, since the individual 6, will also 
increase with temperature, the increase in T will not be a 
linear function of increasing power levels. 


A third factor of concern is the quality of the material 
interfaces. In terms of package construction, this relates 
specifically to the die attach bond, and for those packages 
having a heatsink, the heatsink attach bond. The quality of the 
die attach bond will most severely influence the package 
thermal resistance as this is the area which first impedes the 
transfer of heat out of the silicon die. Indeed, it seems likely 
that the initial thermal response of a powered device can be 
directly related to the quality of the die attach bond. 


2.0 EXPERIMENTAL METHOD 


The technique for measurement of thermal resistance involves 
the identification of a temperature-sensitive parameter on the 
device and monitoring this parameter while the device is 
powered. For bipolar integrated circuits the forward voltage of 
the substrate isolation diode provides a convenient parameter 
to measure and has the advantage of a linear dependence on 
temperature. MOS devices which do not have an accessible 
substrate diode present greater measurement difficulties and 
may require simulation through use of a specially designed 
thermal test die. Choice of the parameter to be measured 
must be made with some care to insure that the results of the 
measurement are truly representative of the thermal state of 
the device being investigated. Thus measurement of the 
substrate isolation diode which is generally diffused across the 
area of the die yields a weighted average of the condition of 





the individual junctions across the die surface. Measurement 
of a more local source would yield a less generalized result. 


For MOS devices, simulation is accomplished using the 
thermal test die. The basis for this test die is a 25 mil square 
cell containing an isolated diode and a 1KQ2 resistor. The 
resistors are interconnected from cell to cell on the wafer 
before it is cut into multiple arrays of the basic unit cell. In use 
the device is powered via the resistors with voltage or current 
adjusted for the proper level and the voltage drop of the 
individual diodes is monitored as in the case of actual devices. 


Prior to the thermal resistance test, the diode voltage/ 
_ temperature calibration must be determined. This is done by 
measuring the forward voltage at 1mA current level at two 


different temperatures. The diode calibration factor is then: 


Ta-T; | AT 
Vo-V; AV 





Ky = (4) 


in units of °C/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these two 
measurement points are sufficient to determine the calibration. 


The actual thermal resistance measurement has two alternat- 
ing phases: measurement and power on. The device under 
test is pulse powered with an ON duty cycle of 99% and a 
repetition rate of <100Hz. During the brief OFF states the 
device is reverse-biased with a 1mA current and the voltage 


drop is measured. The series of voltage readings are averaged .. - 
over short periods and compared to the voltage reading 
obtained before the device was first powered ON. The thermal 

resistance is then computed as: 


KV; - Vi) Vi) ro 


Dee Age (Pyke? 
H 'H: d 





©) 


where: K; = calibration factor 
V; = initial forward voitage value 
V, = current forward voltage value 
Vy = heating voltage 
14 = heating current 


The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is 
the equilibrium thermal resistance of the device under test. | 


When the end result desired is 6,, (still air), the device and the 
test fixture (typically a standard burn-in socket) are enclosed in 
a box containing approximately 1 cubic foot of air. For 6,, 


measurements the device is attached to a large metal 


heatsink. This insures that the reference point on the device 
surface is maintained at a constant temperature. The require- 
ments for measurement of 6,, (moving air) are rather more 
complex and involve the use of a small wind tunnel with 
Capability for monitoring air pressure, temperature and velocity 
in the area immediately surrounding the device tested. Stan- 
dardization of this last test requires much careful attention. 


WAVEFORMS FOR PULSED THERMAL RESISTANCE TEST 


VH 
VOLTAGE 
Vj 
lH 
CURRENT 
— 


WF009091 


im 


-WF009080 


3.0 Experimental Results . undertaken by members of the Advanced Package and 


Material Development group. 


The thermal resistance data included in Table 1 is representa- The data represents what can be expected from a device in 
tive of the output of tests on representative samples of AMD the specified package. Specific device types may differ; these 
products. This data has resulted from an on-going program numbers are for example only. 


Notes: 1. 
2. 


3. 
4. 


TABLE 1. THERMAL RESISTANCE OF AMD PRODUCTS 
(Notes 1, 2, & 3) 


Package Type 
(Note 3) 


Ceramic DIP 
Plastic DIP 
Ceramic Flatpack 
Ceramic LCC 
Plastic LCC* 


Ceramic DIP 
Plastic DIP 
Ceramic Flatpack 


Ceramic LCC CR CR 
Plastic LCC* 58 CR 





Representative values for each package type — for information only. 

Any given device may differ from these values. Consult local AMD sales office for 
specific-device information. 

CR = Consult local AMD Representative. 

DIP = Dual-In-Line Package 

LCC = Leadiless Chip Carrier 

LCC* = Leaded Chip Carrier 
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